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EXPOSURE METHOD AND DEVICEL
MANUFACTURING METHOD HAVING
LOWER SCANNING SPEED TO EXPOSE
PERIPHERAL SHOT AREA

CROSS-REFERENCE TO RELATED
APPLICATION

This 1s a Divisional of U.S. patent application Ser. No.
11/355,965 filed Feb. 17, 2006 (now U.S. Pat. No. 8,064,
037), which 1n turn 1s a Continuation of International Appli-
cation No. PCT/JP2004/012319, filed Aug. 20, 2004, which
claims priority to Japanese Patent Application Nos. 2003-
297507 (filed Aug. 21, 2003) and 2004-38411 (filed Feb. 16,

2004). The contents of each of the alorementioned applica-
tions are incorporated herein by reference 1n their entireties.

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention relates to an exposure apparatus, an
exposure method and a device manufacturing method 1n
which a substrate 1s, with the substrate being irradiated with
an exposure light, exposed.

Description of Related Art

Semiconductor devices and liquid crystal display devices
are manufactured through the so-called photolithography
technique, by which a pattern formed on a mask 1s trans-
terred onto a photosensitive substrate. The exposure appa-
ratus used 1n the photolithography process has a mask stage
that supports a mask and a substrate stage that supports a
substrate, and while successively moving the mask stage and
the substrate stage, transiers the mask pattern, via a projec-
tion optical system, onto the substrate. In recent years, there
has been demand for higher resolution projection optical
systems 1n order to handle the much higher levels of
integration of device patterns. As the exposure wavelength
to be used 1s shorter, the resolution of the projection optical
system becomes higher. As the numerical aperture of the
projection optical system 1s larger, the resolution of the
projection optical system becomes higher. Consequently, the
exposure wavelength used 1n exposure apparatuses has
shortened year by year, and the numerical aperture of
projection optical systems has also increased. Furthermore,
the currently mainstream exposure wavelength 1s the 248 nm
KrF excimer laser, but an even shorter wavelength 193 nm
ArF excimer laser 1s also being commercialized. In addition,
as well as resolution, the depth of focus (DOF) 1s also
important when performing an exposure. The resolution R
and the depth of focus 6 are respectively expressed by the
following formulas:

R=k;"MNA, (1)

d==k, WNAZ, (2)

where A the exposure wavelength, NA 1s the numerical
aperture of the projection optical system, and k, and k, are
process coellicients. It can be seen from formulas (1) and (2)
that 11, to enhance the resolution R, the wavelength A 1s made
shorter and the numerical aperture 1s made larger, then the
depth of focus 6 becomes narrower.

When the depth of focus 0 becomes too narrow, it
becomes diflicult to make the substrate surface coincide with
the 1mage plane of the projection optical system, and thus
there occurs the possibility that the focus margin during the
exposure operation will be insuflicient. To address this
problem, the liquid immersion method, which 1s disclosed
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2

in, e.g., PCT International Publication No. W(099/49504,
has been proposed as a method to make the exposure

wavelength shorter 1n effect and to make the depth of focus
broader. This liquid 1mmersion method 1s designed, by
filling the space between the under surface of the projection
optical system and the substrate surface with a liquid, e.g.,
water or organic solvent, to form a liquid immersion region
and thus by taking advantage of the fact that the wavelength
ol the exposure light 1n the liquid becomes 1/n times (n 1s the
refractive index of the liquid and 1s generally about 1.2 to
1.6) of that 1n the air, improve the resolution and, at the same
time, enlarge the depth of focus by approximately n times.

By the way, while, 1n the above-described prior art, the
liquid immersion region 1s formed on the substrate, with the
supply and recovery of the liquid being performed by a
liquid supply device and a liquid recovery device, there 1s
the possibility that, when the liquid i1s recovered, sound
and/or vibration occur, and the occurred sound and/or vibra-
tion may aflect the exposure accuracy and various kinds of
measurement accuracies.

It 1s also important that the liquid can be adequately
recovered for the purposes of maintaiming the exposure
accuracy and/or various kinds of measurement accuracies
and/or preventing the pattern formed on the substrate from
deteriorating. When the liquid cannot be completely recov-
ered, there also arises the disadvantages, for example, that
the liquud remaining on the substrate dries, leaving thereon
an adhesion trace (water mark), or that the remaining liquid
scatters to the neighboring mechanical parts and causes them
to rust. Furthermore, when the liquid remains or scatters, 1t
may bring about, for example, the variation of the ambience
(humidity, etc.) 1n which the substrate 1s placed, resulting 1n
the change of the refractive index on the optical path of the
detecting light of the optical interferometers used for the
stage position measurement, thus aflecting the various mea-
surement operations associated with the exposure process,
causing the exposure accuracy to be lowered.

SUMMARY OF THE INVENTION

The present invention has been made 1n consideration of
such situations, and 1ts objective 1s to provide an exposure
method, an exposure apparatus, and a device manufacturing
method 1n which the exposure accuracy when a substrate 1s
exposed by 1rradiating the substrate with an exposure light
via a projection optical system and a liquid can be main-
tained.

An exposure apparatus of the present mmvention i1s an
exposure apparatus that by irradiating an exposure light, via
a projection optical system and a liquid, onto a substrate
placed on the image plane side of the projection optical
system, exposes the substrate, the exposure apparatus
includes a liquid supply mechanism that supplies the liquid
onto the substrate and a liquid recovery mechanism that
recovers the liquid having been supplied on the substrate and
wherein when the exposure light 1s being irradiated on the
image plane side of the projection optical system, the
recovery of the liquid by the liquid recovery mechanism 1s
not performed.

According to the present invention, by not performing the
recovery ol the liquid by the liquid recovery mechanism
when the exposure light 1s being irradiated on the image
plane side of the projection optical system, sound and/or
vibration due to the liquid recovery operation can be pre-
vented from occurring during the exposure operation to the
substrate, in which the exposure light 1s 1rradiated on the
image plane side. Thus, the disadvantage that the exposure
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accuracy lowers due to the sound and/or vibration can be
precluded. As for an operation in which the exposure light
1s 1rradiated on the 1mage plane side of the projection optical
system, there 1s, for example, other than the exposure
operation to the substrate, the exposure light detection
operation via the liquid by means of various light receiving
sensors placed on the image plane side of the projection
optical system. By not performing the liquid recovery opera-
tion by the liquid recovery mechanism also during this
exposure light detection operation of the light receiving
sensors, the disadvantage that the detection accuracy lowers
due to sound and/or vibration can be prevented.

An exposure apparatus of the present invention 1s an
exposure apparatus that by irradiating an exposure light, via
a projection optical system and a liquid, on a substrate
placed on the image plane side of the projection optical
system, exposes the substrate, the exposure apparatus
includes a substrate holding member that 1s movable while
holding the substrate and a liquid recovery mechanism that
has a recovery port above the substrate stage and recovers
the liquid on the substrate and wherein after completion of
the exposure of the substrate held by the substrate holding
member, the substrate holding member and the recovery port
of the substrate holding member are relatively moved.

According to the present invention, by, after completion
of the exposure to the substrate, relatively moving the
substrate holding member and the recovery port of the liquid
recovery mechanism, the liquid that has not been recovered
by the liquid recovery mechanism during the exposure and
remained on the substrate or the substrate holding member
can be recovered. Thus, the occurrence of the disadvantages,
such as the occurrence of a water mark, rusting of the
apparatus, and the variation of the ambience that are due to
the liguid remained, can be prevented.

An exposure apparatus of the present invention 1s an
exposure apparatus that by forming a liquid immersion
region on a part of a substrate and by 1rradiating an exposure
light to the substrate via a liquid forming the liquid immer-
sion region and a projection optical system, exposes the
substrate, the exposure apparatus includes a liquid supply
mechanism that supplies, during the exposure of the sub-
strate, the liquid onto the substrate and a liquid recovery
mechanism that sucks and recovers, during the exposure of
the substrate, the liquid on the substrate from above the
substrate, and wherein during the exposure of the substrate,
the liquid supply amount by the liquid supply mechanism 1s
larger than the liquid recovery amount by the liquid recovery
mechanism.

In the case of a configuration 1n which a liquid recovery
mechanism recovers a liquid on a substrate by sucking the
liguid from above the substrate, there may arise the situation
in which the liquid 1s recovered together with gas surround-
ing the liquid, and the recovering of the liquid together with
the gas, 1s regarded as a factor contributing the occurrence
of sound and/or vibration. According to the present inven-
tion, with the liquid supply amount onto the substrate being
made larger 1n proportion to the liqud recovered by the
liguid recovery mechanism, together with the gas being
made larger, and thus with the amount of the gas recovered
being made smaller, the sound and/or vibration can be made
reduced.

An exposure apparatus of the present invention 1s an
exposure apparatus that by 1rradiating an exposure light to a
substrate via a projection optical system and a liquid,
exposes the substrate, the exposure apparatus includes a
movable member that i1s placed on the 1image plane side of
the projection optical system and holds the liquid between
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the movable member and the projection optical system and
a liquid recovery mechanism that has a recovery port placed

so as to face the surface of the movable member and 1s
capable of recovering the liquid on the movable member,
and wherein the liquid on the movable member 1s recovered,
while relatively moving the movable member and the recov-
ery port of the liguid recovery mechanism.

In accordance with this invention, the liqud on the
movable member can be recovered more reliably, and thus
the disadvantages due to the remaining liquid, such as the
occurrence of an adhesion trace, can be suppressed.

A device manufacturing method of the present mnvention
1s characterized in that i1t uses the exposure apparatus
described above. According to the present invention, the
exposure process can be performed in a state that a high
exposure accuracy 1s maintained, and thus devices that can
bring about a desired performance can be provided.

An exposure method of the present invention 1s an expo-
sure method that locally forms a liquid immersion region
between the upper surface of a movable body that 1s mov-
able while holding a substrate and a projection optical
system, and by 1rradiating an exposure light on the substrate
via the projection optical system and a liquid forming the
liquid immersion region while moving the substrate relative
to the exposure light, performs scannming exposure for each
of a plurality of shot areas, wherein the moving speed of the
substrate 1s determined 1n accordance with the position on
the substrate of each of the plurality of shot areas.

It should be noted that the above-mentioned upper surface
of the movable body also includes the surface of the sub-
strate held by the movable body.

In accordance with this invention, because the moving
speed of the substrate when each shot area 1s exposed 1s
determined 1n accordance with the position on the substrate
of the shot area, the shot area can be exposed, with the liquid
being well held between the projection optical system and
the upper surface of the movable body 1rrespective of the
position on the substrate.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a schematic diagram showing an embodiment of
an exposure apparatus of the present invention.

FIG. 2 1s a plan view for explaining a layout of liquid
supply ports and recovery ports.

FIG. 3 1s a plan view of a substrate stage.

FIG. 4 1s a perspective view showing a flow path forming
member constituting a liquid supply mechanism and a liquid
recovery mechanism.

FIG. 5§ 1s a perspective view showing a first member
included in the tlow path forming member.

FIGS. 6 A and 6B are perspective views showing a second
member included 1n the flow path forming member.

FIGS. 7A and 7B are perspective views showing a third
member included 1n the flow path forming member.

FIG. 8 1s a cross sectional view taken along A-A arrow of
FIG. 4.

FIG. 9 1s a cross sectional view taken along B-B arrow of
FIG. 4.

FIG. 10 1s a schematic illustrating a liquid supply and
recovery operation during exposure of a substrate.

FIG. 11 1s a schematic illustrating a liquid supply and
recovery operation aiter completion ol exposure of a sub-
strate.

FIG. 12 1s a schematic 1llustrating an example of a liquid
recovery operation after completion of exposure of a sub-
strate.
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FIG. 13 1s a schematic illustrating another example of a
liquid recovery operation after completion of exposure of a

substrate.

FI1G. 14 1s a schematic illustrating still another example of
a liquid recovery operation aiter completion of exposure of
a substrate.

FIG. 15 1s a schematic showing another embodiment of an
exposure apparatus of the present invention.

FIG. 16 1s an outline perspective view showing another
example of a tlow path forming member.

FIGS. 17A and 17B are drawings showing another
example of a substrate stage related to the present invention.

FIG. 18 1s a drawing for explaining an example of an
exposure sequence.

FIG. 19 1s a flowchart showing an example of a semi-
conductor device manufacturing process.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

In the following, referring to the drawings, preferable
embodiments of the present invention will be described. It
should be noted, however, that the present invention 1s not
limited only to the following embodiments, but the constitu-
ent elements of those embodiments may be appropnately
combined.

FIG. 1 1s a schematic diagram showing an embodiment of
an exposure apparatus of the present invention.

Referring to FIG. 1, exposure apparatus EX 1s provided
with mask stage MST that supports mask M, substrate stage
PST that supports substrate P, illumination optical system IL
that 1lluminates mask M supported by mask stage MST with
exposure light EL, projection optical system PL that pro-
jection exposes a pattern 1mage of mask M 1lluminated with
exposure light EL onto substrate P supported by substrate
stage PS'T, and controller CONT that controls the overall
operation of exposure apparatus EX. Exposure apparatus EX
of the embodiment 1s a liquid immersion exposure appara-
tus, to which a liquid immersion method 1s applied, with the
exposure wavelength being shortened 1n effect, to improve
the resolution and to widen the depth of focus and 1s
provided with liquid supply system 10 that supplies liquid 1
onto substrate P and liquid recovery system 20 that recovers
liguud 1 having been supplied on substrate P. Exposure
apparatus EX, at least while transferring the pattern image of
mask M onto substrate P, forms, by using liquid 1 supplied
from liquid supply system 10, liquid immersion region AR2
on a portion (locally) on substrate P so as to include
projection area AR1 of projection optical system PL. More
specifically, exposure apparatus EX adopts a local liqud
immersion method in which the space between optical
clement 2 located at the 1image plane side end of projection
optical system PL and the surface (exposure surface) of
substrate P placed on the image plane side 1s filled with
liquid 1, and, by 1rradiating exposure light ELL having passed
through mask M to substrate P via liquid 1 between projec-
tion optical system PL and the substrate P, transfer-exposes
the pattern of mask M onto substrate P,

The present embodiment will be described assuming, as
an example, the case where as exposure apparatus EX, a
scan type exposure apparatus (the so-called scanning step-
per) in which while synchronously moving mask M and
substrate P 1n mutually different directions (opposite direc-
tions) along the scanning directions, the pattern formed on
mask M 1s exposed onto substrate P 1s used. It 1s to be noted
that there may be, depending on the structure of projection
optical system PL, a case where mask M and substrate P are
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moved 1n the same direction. In the following description, 1t
1s assumed that the direction that coincides with optical axis
AX of projection optical system PL 1s referred to as the
Z-axis direction, that the synchronous movement direction
(the scanning direction), in a plane perpendicular to the
7-axis direction, of mask M and substrate P 1s referred to as
the X-axis direction, and that the direction perpendicular to
the Z-direction and to the X-direction 1s referred to as the
Y-direction (the non-scanning direction). It should be noted
that a “substrate” referred to herein comprehends a semi-
conductor waler over which a photoresist, a photosensitive
material, 1s applied and that a “mask™ comprehends a reticle
on which a device pattern to be reduction projected onto a
substrate 1s formed.

[1lumination optical system IL 1s for illuminating mask M
supported by mask stage MST with exposure light EL and
includes a light source for exposure, an optical integrator for
uniforming the i1lluminance of a light flux emitted from the
exposure light source, a condenser lens for condensing
exposure light EL. from the optical integrator, a relay lens
system, a variable field stop for setting an 1llumination area
on mask M formed by exposure light EL to be of a slit-like
shape, etc. A specified 1llumination area on mask M 1s
illuminated, by i1llumination optical system IL, with expo-
sure light EL having a uniform illuminance distribution. As
exposure light E L emitted from 1llumination optical system
IL, for example, a bright line of ultraviolet region (g-line,
h-line, 1-line) emitted from a mercury lamp, a deep ultra-
violet light (DUYV light) such as a KrF excimer laser light
(wavelength of 248 nm), and a vacuum ultraviolet light
(VUYV light) such as an ArF excimer laser light (wavelengt
of 193 nm) or an F, excimer laser light (wavelength of 157
nm) may be used. In the present embodiment, an ArF
excimer laser light 1s used.

Mask stage MST 1s for supporting mask M, 1s two-
dimensionally movable 1n a plane perpendicular to optical
axis AX, 1.e., in the XY-plane, and 1s finely rotatable 1n the
07Z-direction. Mask stage MST 1s driven by mask stage
driver MSTD such as a linear motor. Mask stage driver
MSTD 1s controlled by controller CONT. On mask stage
MST 1s set moving mirror 50. Further, laser interferometer
51 1s provided at a position facing moving mirror 50. The
two-dimensional position and the rotation angle of mask M
on mask stage MST are measured by laser interferometer 51
in real time, and the measurement results are outputted to
controller CONT. By driving mask stage driver MSTD
based on the measurement results from laser interferometer
51, Controller CONT performs positioning of mask M
supported by mask stage MST.

Projection optical system PL 1s for projection exposing
the pattern of mask M onto substrate P at a predetermined
projection magnification of 3 and 1s constituted by a plu-
rality of optical elements, including optical element (lens) 2
disposed at the end portion on the substrate P side (1image
plane side of projection optical system PL ), and those optical
clements are supported by lens barrel PK. In the embodi-
ment, projection optical system PL 1s a reduction system of
which projection magnification f3 1s, e.g., ¥4 or 5. It should
be noted that projection optical system PL may also be either
a unit magnification system or a magnifying system. Note
that optical element 2 at the end portion of projection optical
system PL of the embodiment 1s detachably (exchangeably)
disposed relative to lens barrel PK, and liquid 1 of liquid
immersion region AR2 is 1in contact with optical element 2.

In the embodiment, purified water 1s used as liqud 1.
Purified water can transmit not only an ArF excimer laser
light but also, for example, a bright line of ultraviolet region
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(g-line, h-line, or 1-line) emitted from a mercury lamp and a
deep ultraviolet light (DUV light) such as a KrF excimer
laser light (wavelength of 248 nm).

Optical element 2 1s made of fluorite. Since tluorite has a
high affinity for water, liquid 1 can be made to be 1n tight
contact with substantially the entire surface of liquid contact
surface 2a of optical element 2. M ore specifically, since, 1n
the embodiment, it 1s configured such that liguid (water) 1
having a high aflinity for liquid contact surface 2a of optical
clement 2 1s supplied, the contact degree between liquid
contact surface 2a of optical element 2 and liquid 1 1s high,
so that the optical path between optical element 2 and
substrate P can be assuredly filled with liquid 1. It should be
noted that optical element 2 may be made of quartz, which
has a high athnity for water. Further, it may be configured
such that liquid contact surface 2a of optical. element 2 1s
applied with hydrophilic (Iyophilic) treatment to enhance the
afhinity for liqud 1.

Substrate stage PST 1s for supporting substrate P and 1s
provided with Z stage 52 that holds substrate P via a
substrate holder, XY stage 53 that supports Z stage 52, and
base 54 that supports XY stage 33. Substrate stage PST 1s
driven by substrate stage driver PSTD such as a linear motor.
Substrate stag ¢ driver PSTD 1s controlled by controller
CONT. By dniving 7 stage 52, the Z-direction position
(focus position) and the 6X- and 0Y-direction positions of
substrate P held by Z stage 52 are controlled. Further, by
driving XY stage 53, the XY-direction position (the position
in the direction substantially parallel to the image plane of
projection optical system PL) of substrate P 1s controlled.
More specifically, Z stage 52, by controlling the focus
position and inclination angle of substrate P, makes the
surface of substrate P to coincide with the image plane of
projection optical system PL by means of an autolfocus
system and an autoleveling system. X Y stage 53 performs
positioning of substrate P in the X-axis and Y-axis direc-
tions. It 1s to be noted that needless to say, the Z stage and
the XY stage may be integrally constructed.

On substrate stage PST (Z stage 52) 1s set moving mirror
55. Further, laser interferometer 36 1s positioned at a posi-
tion facing moving mirror 55. The two-dimensional position
and the rotation angle of substrate P on substrate stage PST
are measured by laser interferometer 56 1n real time, and the
measurement results are outputted to controller CONT. By
driving substrate stage driver PSTD based on the measure-
ment results from laser interferometer 56, Controller CONT
performs positioning of substrate P supported by substrate
stage PST.

Further, on substrate stage PST (Z stage 32) 1s provided
annular plate portion 37 so as to surround substrate P. Plate
portion 57 has flat surface $7A of which height 1s substan-
tially equal to that of the surface of the substrate P held by
the substrate holder. Although there 1s a gap of about from
0.1 to 1 mm between the edge of substrate P and plate
portion 57, liquid 1 hardly tlows into the gap by virtue of the
surface tension of liquid 1, and thus, even when exposing the
peripheral portion of substrate P, liquid 1 can be held
beneath projection optical system PL with the aid of plate
portion 57.

Liquid supply mechanism 10 1s for supplying the prede-
termined liquid 1 on substrate P and 1s provided with first
liquid supply portion 11 and second liquid supply portion 12
that are capable of delivering liquid 1 and waith first supply
pipe 11 A and second supply pipe 12A each of which one end
portion 1s connected to first liquid supply portion 11 and
second liquid supply portion 12, respectively. E ach of first
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liquid supply portion 11 and second liquid supply portion 12
has a tank that stores liquid 1, a pressurizing pump, etc.

Liquid recovery mechanism 20 1s for recovering liquid 1
having been supplied on substrate P and 1s provided with
liqguid recovery portion 21 that 1s capable of recovering
liquid 1 and with recovery pipes 22 (first to fourth recovery
pipes 22A-22D) of which one end portion 1s connected to
liquid recovery portion 21. At the intermediate positions of
recovery pipes 22 (first to fourth recovery pipes 22A-22D)
are provided bulbs 24 (first to fourth bulbs 24A-24D).
Liquid recovery portion 21 has a vacuum system (suction
device) such as a vacuum pump, a tank that stores liquid 1
having been recovered, etc.

Flow path forming member 30 1s placed 1n the vicinity of
optical element 2 located at the end portion of projection
optical system PL.

Flow path forming member 30 1s an annular member
provided so as to surround, above substrate P (substrate
stage PST), optical element 2. Flow path forming member
30 1s provided with first supply port 13 and second supply
port 14 that are provided above substrate P (substrate stage
PST) and are disposed so as to face the surface of the
substrate P (substrate stage PST). Further, flow path forming
member 30 has therein supply tlow paths 82 (82A, 82B).
One end portion of supply tlow path 82A 1s connected to first
supply port 13; the other end portion 1s connected to first
liquid supply portion 11 via first supply pipe 11A. One end
portion of supply flow path 82B 1s connected to second
supply port 14; the other end portion 1s connected to second
liquad supply portion 12 via second supply pipe 12A. Flow
path forming member 30 1s provided with recovery ports 23
that are provided above substrate P (substrate stage PST) and
are disposed so as to face the surface of the substrate P
(substrate stage PST). In the embodiment, flow path forming
member 30 has four recovery ports, 23A-23D. Flow path
forming member 30 also has therein recovery flow paths 84
(84A-84D) corresponding to recovery ports 23 (23A-23D).
One end portions of recovery flow paths 84A-84D are
connected to recovery ports 23A-23D, respectively; the
other end portions are each connected to liquid recovery
portion 21 via recovery pipes 22A-22D. In the embodiment,
flow path forming member 30 constitutes a portion of each
of liquid supply mechanism 10 and liquid recovery mecha-
nism 20.

It should be noted that while, 1n the embodiment, first to
fourth recovery pipes 22A-22D are connected to a single
liquid recovery portion 21, 1t may also be configured such
that a plurality of (in this case, four) liquid recovery portions
21 corresponding to the number of the recovery pipes, and
cach of first to fourth recovery pipes 22A-22D 1s connected
to each of said plurality of liquid recovery portions 21.

First to fourth bulbs 24 A-24D provided to first to fourth
recovery pipes 22A-22D respectively open and close the
flow paths of first to fourth recovery pipes 22A-22D, and the
operations of the bulbs are controlled by controller CONT.
While the flow paths of recovery pipes 22 (22A-22D) are
being opened, liquid recovery mechanism 20 1s capable of
sucking and recovering liquid 1 from recovery ports 23
(23A-23D); when the flow paths of recovery pipes 22
(22A-22D) are closed by bulbs 24 (24A-24D), the sucking
and recovering of liquid 1 via recovery ports 23 (23A-23D)
1s stopped.

The liquid supply operations of first liquid supply portion
11 and second liqud supply portion 12 are controlled by
controller CON'T. Controller CONT can control each of the
per-unit-time liquid supply amounts onto substrate P by first
liquad supply portion 11 and second liquid supply portion 12,
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independently of each other. Liquid 1 delivered from first
liquad supply portion 11 and second liquid supply portion 12
1s supplied on substrate P (substrate stage PST) from supply
ports 13 and 14 provided above substrate P, via supply pipes
11A and 12A and supply flow paths 82A and 82B of flow
path forming member 30.

Further, the liquid recovery operation of liquid recovery
portion 21 1s controlled by controller CONT. Controller
CONT can control the per-unit-time liquid recovery amount
by liquid recovery portion 21. Liquid 1 that had been on
substrate P (substrate stage PST) and has been recovered
from recovery ports 23 provided over substrate P (substrate
stage PST) 1s recovered 1nto liquid recovery portion 21, via
recovery tlow paths 84 of flow path forming member 30.

On the under surface of flow path forming member 30,
that 1s arranged, relative to projection optical system PL,
outside of recovery ports 23 (the surface facing the side of
substrate P) 1s formed liquid trapping surface 70 with a
predetermined length that captures liquid 1. Trapping sur-
tace 70 1s a surface that 1s inclined relative to the XY-plane
and 1s inclined such that the trap surface 31 is inclined to
make separation from the surface of the substrate P (to be
directed upwardly) at outer positions with respect to the
projection area AR1 (liquud immersion area AR2). Trapping,
surtace 70 1s applied with lyophilic treatment. Because the
films (photoresist, anti-reflection films, etc.) coated on the
surface of substrate P are usually water-repellent (liquid-
repellent), liquid 1 having flowed out to the outside of
recovery ports 23 1s captured by trapping surface 70. It 1s to
be noted that since liquid 1 of the embodiment 1s water
having a large polarnty, by forming a thin film with a
substance with a molecular structure having a large polarity,
¢.g., alcohol, as hydrophilic (Iyophilic) treatment applied to
trapping surface 70, hydrophilicity 1s given to the trapping
surface 70. More specifically, when water 1s used as liquid
1., a treatment in which a substance with a molecular
structure having a large polanty, e.g., an OH group, 1s
disposed on the surface i1s desirable.

FIG. 2 1s a plan view showing the positional relationship
between {first and second supply ports 13 and 14 formed on
flow path forming member 30 and first to fourth recovery
ports 23A-23D, and projection area AR1 of projection
optical system PL. In FIG. 2, projection area AR1 of
projection optical system PL 1s set to be rectangle-shaped,
having 1ts longitudinal direction in the Y-direction (non-
scanning direction). Liquid immersion region AR2 filled
with liquid 1 1s formed locally on a part on substrate P within
the area surrounded substantially by the four recovery ports
23A-23D, so as to include projection area AR1. First supply
port 13 1s disposed on one scanning direction side (-X side)
relative to projection area AR1, and second supply port 14
1s disposed on the other side (+X side). In other words, first
and second supply ports 13 and 14 are each disposed on
cither one of the both sides of projection area AR1 so that
projection area AR1 1s, relative to the scanning direction (the
X-direction), located therebetween. The lengths of first and
second supply ports 13 and 14 in the Y-direction are at least
longer than the length of projection area AR1 in the Y-di-
rection. Liquid supply mechanism 10 can simultaneously
supply liquid 1 on both sides of projection area AR1 from
first and second supply ports 13 and 14.

First to fourth recovery ports 23 A-23D are disposed so as
to surround supply ports 13 and 14 and projection area AR1.
Among the plurality of (four) recovery ports 23A-23D, first
recovery port 23A and third recovery port 23C are each
disposed, relative to the X-direction, on either one of the
both sides of projection area AR1, with projection area AR1
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being located therebetween; second recovery port 23B and
fourth recovery port 23D are each disposed, relative to the
Y-direction, on either one of the both sides of projection area
AR1, with projection area AR1 being located therebetween.
Supply ports 13 and 14 are configured such that supply port
13 1s disposed between projection area AR1 and recovery
port 23 A, and supply port 14 1s disposed between projection
area AR1 and recovery port 23C. Recovery ports 23A-23D
are each formed to have a slit-like shape that 1s substantially
arc-shaped when viewed from the top and has a predeter-
mined length. The length of recovery ports 23A and 23C n
the Y-direction 1s longer than the length of supply ports 13
and 14 in the Y-direction. Recovery ports 23B and 23D are
cach formed to have substantially the same length as recov-
ery ports 23A and 23C. Each of first to fourth recovery ports
23A-23D 1s connected to liquid recovery portion 21, via
cach of first to fourth recovery pipes 22A-22D.

It should be noted that while, 1n the embodiment, each of
the plurality of recovery ports 23A and 23D i1s formed to
have substantially the same size (length), they may have
sizes different from each other. Further, the number of
recovery ports 23 1s not restricted to four, and any number
of multiple recovery ports may be provided so long as they
are disposed such that they surround projection area AR1
and supply ports 13 and 14. While, in FIG. 2, the slit-width
of the supply ports (13, 14) and the slit-width of the recovery
ports (23A-23D) are approximately the same, the slit-width
of the recovery ports (23A-23D) may be made larger than
the slit-width of the supply ports (13, 14).

FIG. 3 1s a plan view of Z stage 52 of substrate stage PST,
when viewed from above. Moving minors 55 are disposed
on the edge portions of Z stage 52 that 1s rectangle-shaped
when viewed from the top, which portions are perpendicular
to each other. And, 1n substantially the center portion of Z
stage 52 1s positioned substrate P; annular plate portion 57
that has flat surface 57A of which height i1s substantially
equal to the surface of substrate P 1s provided integrally with
/. stage 52, so as to surround substrate P.

Two corners of flat surface 57A of plate portion 57 are
made to be wide; and on one of the wide portions 1s provided
fiducial mark FM that 1s used when mask M and substrate P
are aligned relative to a predetermined position. Fiducial
mark FM 1s detected by mask alignment system 90 (see FIG.
1) provided above mask M, via mask M and projection
optical system PL. That 1s, mask alignment system 90
constitutes an alignment system of the so-called TTM
(Through the Mask) type (also called the TTR (Through the
Reticle) type). It 1s to be noted that, although not shown,
exposure apparatus EX 1s also provided with an off-axis type
substrate alignment system that 1s disposed on a side of
projection optical system PL and i1s capable of detecting
alignment marks formed on substrate P and fiducial mark
FM.

Further, on the other wide portion 1n flat surface S7A of
plate portion 57 1s provided light sensor portion 58. Light
sensor portion 38 1s for detecting the exposure light EL
having passed through projection optical system PL and 1s
constituted by an 1lluminance sensor that detects the irradi-
ated light amount (1lluminance) of the exposure light EL on
the 1mage plane side of projection optical system PL or by
an illuminance non-uniformity sensor that detects the 1llu-
minance distribution (i1lluminance non-uniformity) of pro-
jection area AR1. Light sensor portion 38 1s provided with
a transparent member that 1s provided on plate portion 57,
has substantially the same height as the surface of substrate
P, and 1s capable of transmitting exposure light ELL and with
a light receiving device that 1s embedded 1n Z stage 52
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(substrate stage PST) and receives the exposure light EL
having passed through the above-described transparent
member. It 15 to be noted that although, 1n the embodiment,
fiducial mark FM 1s positioned on plate portion 57, a fiducial
mark member, separate from plate portion 57, for disposing,
fiducial mark FM may be provided on substrate stage PST.
Similarly, light sensor portion 38 may be provided on a
separate position located differently from the plate portion
57, on substrate stage PST.

As shown 1 FIG. 3, a plurality of shot areas S1-S20 are
set on substrate P, and controller CONT sequentially exposes
the plurality of shot areas S1-S20 on substrate P. In the
embodiment, controller CONT moves substrate stage PST
while monitoring the outputs from laser interferometers 356
so that the optical axis AX (projection area AR1) of projec-
tion optical system PL proceeds along the broken line arrow
59 of FIG. 3 and sequentially exposes the plurality of shot
arecas S1-520.

FIG. 4 1s an outline perspective view of flow path forming,
member 30.

As shown in FIG. 4, flow path forming member 30 1s
annular member provided so as to surround the optical
clement 2 located at the end portion of projection optical
system PL and 1s provided with first member 31, the second
member 32 that 1s positioned on the upper portion of first
member 31, and the third member 33 that 1s positioned on
the upper portion of second member 32. The first to third
members constituting flow path forming member 30 are
cach a plate-shaped member and have, 1n the center portions
thereot, the hole portions 31A-33A, respectively, capable of
disposing projection optical system PL (optical element 2).
At the intermediate positions of first to fourth recovery pipes

22A-22D are provided first to fourth bulbs 24A-24D,
respectively.

FIG. 5 1s a perspective view showing first member 31,
among first to third members, which 1s positioned at the
lowermost level.

First member 31 1s provided with first supply port 13 that
1s formed on the —X side of projection optical system PL and
supplies liquid 1 onto substrate P and with second supply

port 14 that 1s formed on the +X side of projection optical
system PL and supplies liquid 1 onto substrate P. Each of
first supply port 13 and second supply port 14 1s a through
hole that penetrates first member 31 and 1s formed to be
arc-shaped when viewed from the top. Further, first member
31 1s provided with first recovery port 23 A that 1s formed on
the —X side of projection optical system PL and recovers
liquid 1 on substrate P, with second recovery port 23B that
1s formed on the —Y side of projection optical system PL and
recovers liquid 1 on substrate P, with third recovery port 23C
that 1s formed on the +X side of projection optical system PL
and recovers liquid 1 on substrate P, and with fourth recov-
ery port 23D that 1s formed on the +Y side of projection
optical system PL and recovers liquid 1 on substrate P. Each
of first to fourth recovery ports 23A-23D 1s also a through
hole that penetrates first member 31 and 1s formed to be
substantially arc-shaped when viewed from the top, and
those recovery ports are provided substantially equidistantly
along the circumierence of projection optical system PL.
Still further, each of first to fourth recovery ports 23A-23D
1s provided more outward relative to projection optical
system PL, compared with supply ports 13 and 14. The
distance between supply ports 13 and 14 and substrate P and
the distance between recovery ports 23A-23D and substrate
P are set to be substantially equal to each other. Namely, the
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height position of supply ports 13 and 14 and the height
position ol recovery ports 23A-23D are set to be substan-
tially equal to each other.

FIGS. 6A and 6B are perspective views showing second
member 32, among first to third members, which 1s posi-
tioned at the middle level; FIG. 6A 1s a perspective view
when viewed from above, and FIG. 6B 1s a perspectwe VIEW
when viewed from below. Second member 32 1s provided
with first supply hole portion 15 that 1s formed on the —X
side of projection optical system PL and connects to first
supply port 13 of first member 31 when first member 31 and
second member 32 are connected and with second supply
hole portion 16 that 1s formed on the +X side of projection
optical system PL and connects to second supply port 14 of
first member 31. First and second supply hole portions 15
and 16 are through holes, and the shapes and sizes thereof
when viewed from the top correspond to those of first and
second supply ports 13 and 14. In other words, first and
second supply hole portions 15 and 16 constitute slit-like
flow paths of arc shape when viewed from the top.

As shown 1n FIG. 6B, on the —X side of projection optical
system PL, of under surface 32D of second member 32, 1s
formed first recovery groove portion 23 that connects to first
recovery port 23 A of first member 31 when first member 31
and second member 32 are connected; on the -Y side of
projection optical system PL 1s formed second recovery
groove portion 26 that connects to second recovery port 23B
of first member 31; on the +X side of projection optical
system PL 1s formed third recovery groove portion 27 that
connects to third recovery port 23C of first member 31; and
on the +Y side of projection optical system PL 1s formed
fourth recovery groove portion 28 that connects to fourth
recovery port 23D of first member 31. Each of first to fourth
recovery groove portions 25-28 1s formed to be substantially
arc-shaped when viewed from the top so as to correspond to
the respective shapes and sizes of first to fourth recovery
ports 23A-23D, and those recovery groove portions are
provided substantially equidistantly along the circumierence
of projection optical system PL. Further, first recovery pipe
22A and first recovery groove portion 23 are connected via
taper-shaped groove portion 45. Taper-shaped groove por-
tion 435 1s formed such that 1t progressively extends in the
horizontal direction, 1n the course of from the connection
interface with first recovery pipe 22A to first recovery
groove portion 235. Similarly, second recovery pipe 22B and
second recovery groove portion 26 are connected via taper-
shaped groove portion 46; third recovery pipe 22C and third
recovery groove portion 27 are connected via taper-shaped
groove portion 47; and fourth recovery pipe 22D and fourth
recovery groove portion 28 are connected via taper-shaped
groove portion 48.

FIGS. 7A and 7B are perspective views showing third
member 33, among first to third members, which 1s posi-
tioned at the uppermost level; FIG. 7A 1s a perspective view
when viewed from above, and FIG. 7B 1s a perspective view
when viewed from below. On the -X side of projection
optical system PL, of under surface 33D of third member 33,
1s formed first supply groove portion 41 that connects to first
supply hole portion 15 of second member 32 when second
member 32 and third member 33 are connected; and on the
+X side of projection optical system PL 1s formed second
supply groove portion 42 that connects to second supply
hole portion 16 of second member 32. The shape and size of
cach of first and second supply groove portions 41 and 42
are formed to be substantially arc-shaped when viewed from
the top so as to respectively correspond to first and second
supply hole portions 15 and 16 (by extension, to first and
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second supply ports 13 and 14). Further, first supply pipe
11A and first supply groove portion 41 are connected via
taper-shaped groove portion 43. Taper-shaped groove por-
tion 43 1s formed such that 1t progressively extends in the
horizontal direction, 1n the course of from the connection
interface with first supply pipe 11A to first supply groove
portion 41.

Similarly, second supply pipe 12A and second supply
groove portion 42 are connected via taper-shaped groove
portion 44.

First to third members 31-33 are formed of a metal such
as stainless steel, titanium, aluminum, or alloy including
them; the hole portions and groove portions of the members
31-33 are formed by, e.g., electric discharge machining. By
processing each of the members 31-33 by electric discharge
machining and then by connecting the members 31-33 by
using an adhesive or fastening members, flow path forming
member 30 1s formed. It 1s to be noted that the surfaces
coming into contact with the liquid are preferably applied
with electrolytic polishing treatment or nonconductor oxide
film treatment. Furthermore, each members of liquid supply
mechanism 10 and liquid recovery mechanism 20, including,
flow path forming member 30, may be formed of synthetic
resin such as polytetrafluoroethylene.

With the members 31-33 being connected, taper-shaped
groove portion 43, first supply groove portion 41, first
supply hole portion 15, and first supply port 13 are sequen-
tially connected, and by them, first supply flow path 82 A that
connects to first supply pipe 11A 1s formed. Sitmilarly, with
taper-shaped groove portion 44, second supply groove por-
tion 42, second supply hole portion 16, and second supply
port 14 being sequentially connected, second supply flow
path 82B that connects to second supply pipe 12A 1s formed.
And thus, each liquid 1 delivered from each of first and
second liquid supply portions 11 and 12 1s supplied from
above substrate P onto substrate P, via first and second
supply pipes 11A and 12A and first and second supply tlow
paths 82A and 82B.

Further, with taper-shaped groove portion 43, first recov-
ery groove portion 235, and first recovery port 23A being
sequentially connected, first recovery tlow path 84A that
connects to first recovery pipe 22A 1s formed. Similarly, with
taper-shaped groove portion 46, second recovery groove
portion 26, and second recovery port 23B being sequentially
connected, second recovery flow path 84B that connects to
second recovery pipe 22B 1s formed; with taper-shaped
groove portion 47, third recovery groove portion 27, and
third recovery port 23C being sequentially connected, third
recovery tlow path 84C that connects to third recovery pipe
22C 1s formed; and with taper-shaped groove portion 48,
fourth recovery groove portion 28, and fourth recovery port
23D being sequentially connected, fourth recovery tlow path
84D that connects to fourth recovery pipe 22D 1s formed.
And thus, liquid 1 on substrate P 1s sucked and recovered
from above substrate P, via each of the above-described first
to fourth recovery flow paths 84A-84D) and first to fourth
recovery pipes 22A-22D.

In this regard, because to first and second supply pipes
11A and 12A are connected taper-shaped groove portions 43
and 44, respectively, the liquid supply operation can be
performed, with the flow quantity distribution and the flow
velocity distribution being made uniform over the entire area
of supply ports 13 and 14 of which longitudinal directions
lies 1n the Y-direction. Similarly, because to recovery pipes
22 A-22D are connected taper-shaped groove portions 45-48,
respectively, the liquid recovery operation can be performed,
with a uniform recovery force.
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FIG. 8 1s a cross sectional view taken along A-A arrow of
FIG. 4; FIG. 9 1s a cross sectional view taken along B-B
arrow of FIG. 4. Note that while, in the description below,
of flow path forming member 30, second supply flow path
82B and third recovery tlow path 84C that are provided on
the +X side of projection optical system PL will be
described, each of first supply tflow path 82 A provided on the
—-X side of projection optical system PL, first recovery flow
path 84A on the —X side, second recovery tlow path 82B on
the -Y side, and fourth recovery flow path 82D on the +Y
side has an equivalent configuration.

In FIG. 8, second supply tlow path 82B 1s constituted by
the above-described taper-shaped groove portion 44, second
supply groove portion 42, second supply hole portion 16,
and second supply port 14. Liquid 1 having been delivered
from second liquid supply portion 12 flows into second
supply flow path 82B via the second supply pipe. Liquid 1
having flowed into second supply flow path 82B flows, in
taper-shaped groove portion 44 of second supply tlow path
828, 1n substantially the horizontal direction (XY-plane
direction), 1s then bent substantially perpendicularly in the
vicinity of second supply groove portion 42, then flows in
the vertical direction (-7 direction) in second supply hole
portion 16 and second supply port 14, and 1s finally supplied
from above substrate P onto substrate P.

Third recovery tlow path 84C 1s constituted by the above-
described third recovery port 23C, third recovery groove
portion 27, and taper-shaped groove portion 47. With liquid
recovery portion 21 having the vacuum system being driven,
ligquid 1 on substrate P flows vertically and upward (+7
direction) mto third recovery flow path 84C, via third
recovery port 23C provided over the substrate P. In this
process, together with liquid 1 on substrate P, gas (air)
surrounding the liquid also flows 1nto the third recovery port
23C (and 1s recovered). With respect to liquid 1 having
flowed into recovery flow path 84C, the flow direction
thereol 1s changed 1n the vicinity of third recovery groove
portion 27, and the liquid flows, i taper-shaped groove
portion 47, in substantially the horizontal direction. There-
after, the liquid 1s sucked and recovered by and into liquid
recovery portion 21, via third recovery pipe 22C.

Small gap 100 1s formed between the internal surface 30T
of flow path forming member 30 and the side surface 2T of
the end portion optical element 2, of projection optical
system PL, which comes into contact with liquid 1. Small
gap 100 1s provided for 1solating, in terms of vibration,
optical element 2 of projection optical system PL from flow
path forming member 30, and by this, vibrations having
occurred i liquid supply mechanism 10 and/or liquid recov-
ery mechanism 20 can be prevented from transmitting to
projection optical system PL. Each of liquid supply mecha-
nism 10 and liquid recovery mechamism 20, which include
flow path forming member 30, 1s supported by a supporting
member other than projection optical system PL and other
than a supporting member that supports projection optical
system PL.

It should be noted that on the upper portions of the
internal surface 30T of flow path forming member 30 and
the side surface 2T of optical element 2, which form small
gap 100, are preferably applied with liquid-repellent (water-
repellent) treatment. As the liquid-repellent treatment, for
example, coating treatment using a material having liquid-
repellency can be listed. As the material having liquid-
repellency, there can be listed, for example, fluorine com-
pounds, silicon compounds, and synthetic resins such as
polyethylene. Further, the thin film may be a single layer
film or a film consisting of multiple layers. With at least one
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of the internal surface 30T of tlow path forming member 30
and the side surface 2T of optical element 2 being applied
with liguid-repellent (water-repellent) treatment 1n this way,
leakage of the liquid from the upper portion of small gap 100
can be prevented. It 1s to be noted that a seal member such
as an O-ring may be disposed to small gap 100 such that the
seal member surrounds optical element 2.

Next, there will be described a method 1n which by using
the above-described exposure apparatus EX, the pattern on
mask M 1s exposed onto substrate P.

Exposure apparatus EX of the present embodiment pro-
jection exposes the pattern image of mask M onto substrate
P while moving mask M and substrate P 1n the X-direction
(scanning direction); and, during scanning exposure, a pat-
tern 1mage of a part of mask M 1s projected onto the
rectangle-shaped projection area AR1 formed beneath the
end portion of projection optical system PL, and in synchro-
nization with the movement of mask M 1n the —X direction
(or 1n the +X direction) at speed V, substrate P moves, via
XY stage 53, 1in the +X direction (or 1n the —X direction) at
speed 3-V (3 1s the projection magnification).

As shown 1n FIG. 3, on substrate P are set the plurality of
shot areas S1-S20; after completion of exposure of one shot
area, a next shot area moves to the scan starting position
through the stepping movement of substrate P; and, in this
way, the scanning exposure process of each shot area 1s
successively performed, with substrate P being moved 1n
accordance with the step-and-scan method.

In performing the exposure process, controller CONT
drives liquid supply mechanism 10 to start the liquid supply
operation of supplying the liquid onto substrate P. Liqud 1
delivered from each of first and second liquid supply por-
tions 11 and 12 of liquid supply mechanism 10 1s, after
flowing through supply pipes 11A and 12A, supplied onto
substrate P, via supply flow paths 82A and 82B formed
inside flow path forming member 30. It 1s to be noted that
the supply of liquid 1 may be mitiated on flat surface S7A
of plate portion 57.

Liquid 1 supplied on substrate P flows beneath projection
optical system PL 1n accordance with the movement of
substrate P. For example, when substrate P 1s moving 1n the
X-direction during exposure of a given shot area, liquid 1
flows beneath projection optical system PL in the same
direction as substrate P, 1.e., i1n the X-direction, and at
substantially the same speed as substrate P.

FIG. 10 1s a schematic showing an example of a state in
which exposure operation 1s performed on substrate P. In
FIG. 10, the exposure light EL having been 1rradiated from
illumination optical system IL and having passed through
mask M 1s irradiated on the image plane side of projection
optical system PL, and, by doing so, the pattern of mask M
1s exposed on substrate P, via projection optical system PL
and liquid 1 of liquud 1mmersion region AR2. When expo-
sure light ELL 1s 1rradiated on the image plane side of
projection optical system PL, 1.e., during the exposure
operation on substrate P, controller CONT performs the
supply of liquid 1 onto substrate P by liquid supply mecha-
nism 10. With the supply of liquud 1 by liqmd supply
mechanism 10 being continued during the exposure opera-
tion, liqud immersion region AR2 1s formed well. On the
other hand, when exposure light EL 1s irradiated on the
image plane side of projection optical system PL, 1.e., during
the exposure operation on substrate P, controller CONT
drives each of first to fourth bulbs 24 A-24D to close the tlow
paths of first to fourth recovery pipes 22A-22D and thus
does not perform the recovery of liquid 1 on substrate P by
liquid recovery mechanism 20. With the recovery of liquid
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1 by liquid recovery mechanism 20 being not performed
during the exposure operation (when exposure light EL 1s
irradiated on the image plane side of projection optical
system PL), the exposure process can be performed 1n a state
in which sound and vibration due to the recovery operation
on liquid 1 are suppressed.

In particular, in the local liquid immersion system, as in
the embodiment, 1n which liquid immersion region AR2 1s
formed on a part of substrate P, when the configuration 1n
which liquid 1 on substrate P i1s sucked and recovered from
above substrate P by using the vacuum system (vacuum
pump) via recovery ports 23 of liquid recovery mechanism
20 1s adopted, there arises the possibility that liquid recovery
mechanism 20 recovers liquid 1 on substrate P together with
gas surrounding the hiquid. When liquid recovery mecha-
nism 20 recovers liqud 1 via recovery ports 23, there occurs
a situation in which liquid 1 flows itermittently into recov-
cry flow paths 84 (84A-84D). Liquid 1 having flowed into
recovery tlow paths 84 1s then divided to have a grain form
(e.g., a water drop form), and liquid 1 collides with recovery
flow paths 84 and/or recovery pipes 22 and generates sound
and vibration. Thus, with the recovery of liquid 1 by liquid
recovery mechanism 20 being not performed during the
exposure operation (when exposure light EL 1s irradiated on
the 1mage plane side of projection optical system PL), the
exposure process can be performed 1n a state 1n which sound
and vibration due to the recovery operation on liquid recov-
ery mechanism 20 are made not to be generated.

It should be noted that while, here, 1t 1s configured such
that by driving bulbs 24 to close recovery pipes 22, the
recovery of liqmd 1 i1s not performed, 1t may also be
configured such that, without using bulbs 24, by, for
example, stopping the drive of the vacuum system (vacuum
pump) constituting liquid recovery portion 21 during the
exposure operation (when exposure light EL 1s irradiated on
the 1mage plane side of projection optical system PL), the
recovery of liquid 1 1s not performed.

In the embodiment, during the exposure operation, liquid
supply mechanism 10 simultaneously performs the supply
of liquid 1 onto substrate P from both sides of projection area
AR1 from supply ports 13 and 14. By doing so, liqud 1
having been supplied from supply ports 13 and 14 onto
substrate P then enters the space between the lower end
surface of the end portion (optical element 2) of projection
optical system PL and substrate P 1n a good condition that
the liquid wets the surface and the substrate to extend to and
{11l the space, and thus the liquid forms liquid immersion
region AR2 over an area at least larger than projection area
ARI1.

It 1s to be noted that in supplying liquid 1 onto substrate
P from both scanning direction sides of projection area AR1,
controller CONT may, by controlling the liquid supply
operations of first and second liquid supply portions 11 and
12 of ligumid supply mechanmism 10, set, relative to the
scanning direction, the per-unit-time liquid supply amount
of the liquid supplied from the front side of projection area
ARI1 to be larger than the liquid supply amount of the liquid
supplied from the side opposite thereto. For example, when
substrate P 1s exposed while substrate P 1s moved 1n the
+X -direction, controller CONT makes the liquid amount
from the —X side relative to projection area AR1 (1.e., from
supply port 13) larger than the liqmd amount from the +X
side (1.e., from supply port 14); on the other hand, when
substrate P 1s exposed while substrate P 1s moved 1n the
—X-direction, controller CONT makes the liquid amount
from the +X side relative to projection area AR1 larger than
the liguid amount from the -X side.
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It 1s to be noted that 1t may also be configured such that
with one supply port (e.g., supply port 13) being omitted or
with one supply port (e.g., supply port 13) being not used,
liquad 1 1s continuously supplied from the other supply port
14.

Here, there 1s a possibility that with substrate P being
moved, for example, in the +X-direction, the amount of the
liquid moving, relative to projection areca AR1, in the +X
side increases, and a large amount of the liquid flows out to
the outside of substrate P. However, because liquid 1 moving,
in the +X side will be captured by trapping surface 70
provide on the +X side under surface of tflow path forming
member 30, the disadvantage that the liquid flows out or
scatters to, e.g., the surrounding area of substrate P can be
suppressed.

During the exposure operation, the recovery operation on
liquid 1 by liquid recovery mechanism 20 1s not performed.
After completion of the exposure, controller CONT drives
bulbs 24, opens the tflow paths of recovery pipes 22, and
recovers liquid 1 on substrate P. Here, until the beginning of
the recovery of liquid 1 by liquid recovery mechanism 20,
a part of liquid 1 on substrate P is held by recovery ports 23
(23A-23D) of liquid recovery mechanism 20, as shown 1n
FIG. 10. Durning this time, recovery ports (liquid holding
portions) 23 hold liquid 1, utilizing the capillary phenom-
enon. A part of liquid 1 on substrate P moves upwards inside
recovery ports 23 with the aid of the capillary phenomenon,
and a predetermined amount thereot 1s held by the recovery
ports 23. As just described, without performing the sucking
and recovering operation by liquid recovery mechanism 20,
a predetermined amount of liquid 1 can be held (recovered)
with the aid of the capillary phenomenon, without vibration,
etc. being generated. And, with the predetermined amount of
liguad 1 being held by recovery ports 23, the amount of
liguid 1 flowing out from substrate P to the outside thereof
can be decreased during the exposure.

It should be noted that in order to hold liquid 1 well by
recovery ports 23 utilizing the capillary phenomenon, at
least the 1inner wall surfaces 1n the vicinity of recovery ports
23, of recovery flow paths 84, are preferably applied with
lyophilic treatment (hydrophilic treatment). By doing so,
recovery ports 23 (recovery flow paths 84) can hold hiquid
1 well, utilizing the capillary phenomenon. Since liquid 1 of
the embodiment 1s water having a large polarity, by forming
a thin film with a substance with a molecular structure
having a large polarity, e.g., alcohol, as hydrophilic (ly-
ophilic) treatment applied to recovery ports 23, the inner
wall surfaces of recovery flow paths 84, 1n the vicinity of
recovery ports 23, can be given hydrophilicity, or by 1rra-
diating ultraviolet light thereto, hydrophilicity can be given.

It should also be noted that lyophilic treatment may be
applied to surfaces, other than the surfaces in vicinity of
recovery ports 23, of the tlow paths of liqud supply mecha-
nism 10 and liquid recovery mechanism 20.

In the embodiment, as shown 1n FIG. 3, a plurality of shot
areas S1-S20 are set on substrate P, and the plurality of shot
areas S1-S20 are sequentially exposed while substrate stage
PST being moved. Du ning this process, the supply of liquid
1 from supply ports 13 and 14 1s continuously performed.
On the other hand, controller CONT recovers liquid 1 on
substrate P by liquid recovery mechanism 20, in a partial
period (at least a part 1n a stepping period) between comple-
tion of exposure of a given shot area and the beginning of
exposure of the next shot area.

FIG. 11 1s a schematic showing an example of a state in
which liquid 1 on substrate P 1s being recovered by liquid
recovery mechanism 20, 1n the period (the stepping period)
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between the end of exposure of a given shot area and the
beginning of exposure of the next shot area.

In FIG. 11, exposure light EL. i1s not wrradiated on the
image plane side of projection optical system PL, and
controller CONT drives bulbs 24 to open the flow paths of
recovery pipes 22. By doing so, liquid 1 on substrate P 1s
sucked and recovered from recovery ports 23 disposed
above substrate P. In this case, because liquid 1 on substrate
P 1s recovered together with gas surrounding the liquid, the
liguid flows intermittently into recovery flow paths 84.
Liquid 1 having flowed into recovery tlow paths 84 is then,
as shown 1n FIG. 11, divided to have a grain form (e.g., a
water drop form), and this liquud 1 collides with recovery
flow paths 84 and/or recovery pipes 22 and generates sound
and vibration. However, because, during this process, expo-
sure light EL 1s not wrradiated on the image plane side of
projection optical system PL, 1.¢., the pattern of mask M 1s
not exposed onto substrate P, the sound and vibration
generated do not aflect the exposure accuracy. It 1s to be
noted that while the liquid recovery time and amount during
the stepping period are preferably set such that the liquid
irradiated with the exposure light during the exposure of the
immediately preceding shot area 1s recovered as much as
possible, all of the liquid is not required to be recovered. In
addition, the liquid recovery time and amount are preferably
set such that the optical path space on the image plane side
of optical element 2 1s filled with liquid 1.

Controller CONT continues the supply of liquud 1 by
liquid supply mechanism 10 1n a period that includes the
recovery operation period of liquid 1 on substrate P by liquid
recovery mechanism 20, between the end of exposure of a
given shot area and the beginning of exposure of the next
shot area. By doing so, occurrence of the vibration of liquid
1 (the so-called water hammer phenomenon) that occurs,
with the repletion of the supply and supply halt of liquid 1,
between projection optical system PL and substrate P can be
prevented. IT the water hammer phenomenon occurs, it
deteriorates the pattern image because of the vibrating liquid
1 and also induces a throughput decrease, requiring, for
example, to set a waiting time until the vibration of liguid 1
settles. However, with the supply of liquid 1 being continued
also during the above-described period, in which exposure
light EL 1s not irradiated, the space between optical element
2 and substrate P can be suiliciently filled with liquid 1 also
at the beginning of the exposure of the next shot area, and
thus the disadvantages such as the exposure accuracy
decrease and the throughput decrease can be suppressed. It
1s to be noted that the liquid supply amounts from supply
ports 13 and 14 of liqud supply mechanism 10 during the
stepping period may not be the same as in the exposure
operation period, and, for example, the liquid supply
amounts during the stepping period may be made smaller
than the liqud supply amounts during the exposure opera-
tion period.

Here, controller CONT performs the recovery of liquid 1
by liquid recovery mechanism 20 after each completion of
exposure of a predetermined number of shot areas. For
example, controller CONT performs the recovery of liquid
1 1n the periods after each completion of exposure of four
shot areas among the plurality of shot areas S1-S20. In this
case, the recovery of liqmd 1 i1s performed after each
completion of exposure of the shot areas S4, S8, S12, S16,
and S20. Specifically, the recovery of liquid 1 1s performed
in a period between the end of exposure of shot area S4 (S8,
S12, S16, S20) and the beginning of exposure of the next
shot area S5 (59, S13, S17). Of course, the predetermined

number 1s not limited to “4,” but may be *“1,” 1.e., the
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recovery of liquid 1 may be performed for each one shot
area. Alternatively, controller CONT may perform the
recovery after completion of exposure of a predetermined
shot area. For example, by prescribing that the recovery of
liquid 1 1s performed 1n a period after completion of expo-
sure of the tenth shot area S10, controller CONT performs
the recovery of liquid 1 1n at least a partial period between
the end of exposure of shot area S10 and the beginning of
exposure of the next shot area S11. By doing so, the
disadvantage that liquid 1 flows out to the outside of
substrate P can be prevented.

Further, controller CONT performs the recovery of liquid
1 by liguid recovery mechanism 20 after completion of
exposure of a given shot areca and during the stepping
movement of substrate P for exposure of the next shot area.
In the example shown 1n FIG. 3, controller CONT performs
the recovery of liquid 1 after completion of exposure of shot
area S2 (56, S10, S14, S18) and during the stepping move-
ment of substrate P for exposure of the next shot area S3 (587,
S 11, S15, S19). During the stepping movement period, the
pattern of mask M 1s not exposed onto substrate P, and thus,
with the recovery of liquid 1 being performed in this period,
the influence on the exposure accuracy exerted by the
vibration caused by the recovery of liquid 1 can be sup-
pressed.

After completion of the exposure processes on all of the
shot areas S1-S20, 1.e., after completion of exposure of a
piece of substrate P, controller CONT performs sucking and
recovering of liquid 1 remaining on substrate P and substrate
stage PST. Be cause, 1n the embodiment, there 1s a possi-
bility that liquid 1 remains, albeit only slightly, on substrate
P and substrate stage PST, controller CONT drives, after
completion of exposure of a piece of substrate P, the vacuum
system of liquid recovery mechanism 20 to suck and recover
liquid 1 on substrate P and substrate stage PST, via recovery
ports 23 of liquid recovery mechanism 20. In the case of
recovering liquid 1 on substrate P after completion of
exposure of a piece of substrate P, controller CONT rela-
tively moves recovery ports 23 of liquid recovery mecha-
nism 20 that are disposed above substrate stage PST and
substrate stage (substrate holding member) PST that 1s
movable while holding substrate P, to recover liquid 1 on
substrate P or substrate stage PST.

FIG. 12 1s a schematic illustrating an example of a manner
in which after completion of exposure of a piece of substrate
P, substrate stage PST holding substrate P moves, relative to
recovery ports 23 of liquid recovery mechanism 20, 1n the
XY-plane.

Controller CONT moves XY stage 33 such that recovery
ports 23 of liquid recovery mechamism 20 proceed along the
broken line arrow 60 of FIG. 12. Through the translational
movement along the XY-plane of substrate stage PST,
recovery ports 23 scan substrate P and substantially the
entire upper surtace of substrate stage PST; by doing so,
liquid 1 remaining on substrate P and substrate stage PST 1s
reliably recovered by liquid recovery mechanism 20 via
recovery ports 23.

It should be noted that while, in the illustration shown 1n
FIG. 12, substrate P and substrate stage PST follow a
movement trajectory 1 which the X-direction scanning
movements and the Y-direction stepping movements, rela-
tive to recovery ports 23, are repeated, the movement
trajectory may be discretionally set, i1.e., they may, for
example, move following the spiral-shaped movement tra-
jectory, as indicated by the dashed line arrow 61 of FIG. 13,
in which a circle-like track, starting from the outside of
substrate P and gradually proceeding to the inside thereof
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(or, from the mside to the outside), 1s set, or may move
following a concentric circle-like track i which multiple
circles are set.

It should be noted that 1t may also be configured such that
by providing a movement mechanism to flow path forming
member 30 having recovery ports 23, liquid 1 1s recovered
while moving recovery ports 23 in the XY-direction relative
to substrate P and substrate stage PS'T holding the substrate
P, or such that recovery ports 23 and substrate stage PST are
both moved.

Further, 1t may also be configured such that when recov-
ering the liquid on substrate P as described above, the
distance between the end of projection optical system PL
(optical element 2) and the surface of substrate P, 1.e., the
distance between recovery ports 23 and the surface of
substrate P, 1s made smaller than during the exposure. By
doing so, the efliciency of recovering the liquid from sub-
strate P can be increased, and the liquid on substrate P can
be reliably recovered. This method works effectively, par-
ticularly when recovering the liquid from substrate P after
completion of exposure of a piece of substrate P.

Further, 1t may also be configured such that while moving
substrate stage PS'T such that, as indicated by the broken line
arrow 62 of FI1G. 14, recovery ports 23 follow, over substrate
stage PST, the movement trajectory located along gap G1
between the edge of substrate P and flat surface S7A of plate
portion 57, the recovery operation (sucking operation) 1s
performed, using recovery ports 23. By doing so, not only
the liguid remaining on substrate P or plate portion 57 but
also liquid 1 having penetrated into gap G1 can be recovered
well. Thus, the disadvantage that liquid 1 penetrates, via gap
(g1, mto the inside of substrate stage PST, and thus lusting
and electric leakage occur inside substrate stage PST can be
prevented. Further, when the recovery operation on gap G1
1s performed, the moving speed of substrate stage PST may
be made smaller than that when the recovery operation on
the surface of substrate P and the upper surface of substrate
stage PST 1s performed, or the recovery of the liqud 1in the
vicinity of gap G1 may be performed while repeating the
movements and halts of substrate stage PST. Further, when
the recovery operation on the vicinity of gap G1 1s per-
formed, the recovery operation may also be performed, with
substrate stage PS'T being raised in the +Z-direction to make
the distance between recovery ports 23 and substrate stage
PST (substrate P) smaller than during the liquid immersion
exposure of substrate P, 1.e., 1n a state that substrate stage
PST 1s located nearer to recovery ports 23. Of course, also
when the recovery operation on the surface of substrate P
and the upper surface of substrate stage PST (e.g., flat
surface 57 A of plate portion 57) 1s performed, substrate P or
substrate stage PST may be located nearer to recovery ports
23, similarly to the above-described manner. Still further, 1t
may also be configured such that a Z drive mechanism 1s
provided to flow path forming member 30 having recovery
ports 23, and when recovery ports 23 and substrate stage
PST are made located nearer to each other to perform the
liguid recovery after exposure ol substrate P, flow path
forming member 30 1s moved in the —Z-direction to be
located nearer to substrate stage PST, or flow path forming

member 30 and substrate stage PST are both moved.

It 1s to be noted that the relative movement between
recovery ports 23 of liquid recovery mechanism 20 and
substrate stage PST to recover the liqmd remaining the
surface of substrate P and the upper surface of substrate
stage PST 1s preferably mitiated after almost all of liquad 1
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that filled the optical path space on the image plane side of
optical element 2 of projection optical system PL 1s recov-
ered from recovery ports 23.

Further, 1n the case of a configuration in which, as shown
in FIG. 14, notch portion NT, a cut portion, 1s formed on
substrate P, it may be configured such that after completion
of liquid mmmersion exposure ol substrate P, controller
CONT places recovery ports 23 of liquid recovery mecha-
nism 20 so as to face notch portion NT of substrate P and
intensively performs the liquid recovery operation (sucking
operation). Here, 1n FIG. 14, protrusion portion 57B corre-
sponding to the shape of notch portion NT 1s formed on the
internal surface of plate portion 57, and a predetermined gap
(G2 1s formed between notch portion N'T and the side surface
ol protrusion portion 57B. The re 1s a high possibility that
liquid 1 penetrates into gap G2 between notch portion NT
and plate portion 57; however, with the recovery operation
on the vicimity of notch portion N'T being intensively per-
formed, the disadvantage that liquid 1 penetrates into gap G2
can be prevented, and even if liquid 1 penetrates, liquid 1
can be recovered well. Thus, the disadvantage that liquid 1
penetrates, via gap G2, into the inside of substrate stage PST,
and thus lusting and electric leakage occur inside substrate
stage PST can be prevented. Further, when performing the
recovery operation on the vicinity of notch portion NT using,
recovery ports 23, the recovery operation may be performed
in a state that substrate stage PST 1s halted relative to
recovery ports 23, 1n other words, 1n a state that the relative
position between recovery ports 23 and notch portion NT 1s
maintained. By doing so, the liquid recovery can be per-
formed satisfactorily. Alternatively, when performing the
recovery operation on the vicinity of notch portion NT, the
moving speed of substrate stage PST may be made to be a
lower speed compared with when the recovery operation on
the above-described gap G1 1s performed and/or when the
recovery operation on the surface of substrate P and the
upper surface of substrate stage PST 1s performed.

It should be noted that the above-described liquid recov-
ery operations on gap G1 and gap G2 may be executed 1n
combination with the liquid recovery operations shown 1n
FIGS. 12 and 13.

In addition, the description has been made retferring to, as
a cut portion, notch portion NT by way of example, but even
in the case of a configuration in which an orientation flat
portion 1s formed on substrate P, the liquid recovery can be
performed well, by intensively performing the recovery
operation on the vicinity of the orientation flat portion.

As described above, by not performing the recovery of
liguad 1 by liquid recovery mechamism 20 when exposure
light EL 1s 1rradiated on the image plane side of projection
optical system PL, e.g., during the exposure operation on
substrate P, sound and vibration due to the recovery opera-
tion on liquid 1 can be made not to be generated during the
exposure operation on substrate P. Thus, the disadvantage
that the exposure accuracy decreases due to the sound and
vibration can be prevented.

Further, 1n the embodiment, by moving substrate stage
PST holding substrate P relative to recovery ports 23 of
liquid recovery mechanism 20 in the XY-direction after
completion of exposure on substrate P, liquid 1 that not been
recovered and has remained on substrate P and substrate
stage PST and the liquid in gap G1 and gap G2 on the edge
of substrate P can be recovered. Accordingly, the occurrence
of the disadvantages, such as the occurrence of a water mark,
rusting of the apparatus, and the variation of the ambience
that are due to liquid 1 remained, can be prevented.
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It should be noted that while, in the embodiment, con-
troller CONT closes, by using bulbs 24A-24D, all of the
flow paths of the plurality of recovery pipes 22A-22D when
exposure light EL 1s irradiated on the image plane side of
projection optical system PL, 1t may also be configured such
that with only the tlow paths of a part of the recovery pipes,
e.g., recovery pipes 22B and 22D that connect to recovery
ports 23B and 23D located on either side of the projection
area AR1 1n the non-scanning direction are being closed and
with the flow paths of the other recovery pipes 23A and 23C
being opened, the recovery operation on liqud 1 i1s per-
formed through recovery ports 23A and 23C during the
exposure operation. By doing so, because the vibration
generating positions decreases, the intluence exerted on the
exposure accuracy can be reduced. Alternatively, it may also
be configured, for example, such that to each of recovery
ports 23A-23D (recovery pipes 22A-22D) 1s connected one
of separate liquid recovery portions, independent of each
other, and among the plurality of liqud recovery portions
(vacuum system), a part of the liqud recovery portions 1s
driven, with the other liquid recovery portions being not
driven.

Further, in the above-described embodiment, the scanning
speed of substrate P (substrate stage PST) when such shot
areas (€.g., 83, S6, S15, S18) that the boundary between the
edge of substrate P and plate portion 57 1s included in liquid
immersion region AR2 during exposure or belfore/after the
exposure are exposed may be set to be lower than the
scanning speed of substrate P when the shot areas (e.g., S9)
located near to the center of substrate P are exposed. By
doing so, even 1f there 1s a slight height difference between
flat surface 57A of plate portion 57 and the surface of
substrate P, the pressure change of liquid 1 between projec-
tion optical system PL and substrate P can be suppressed,
and thus the varnation of projection optical system PL (lens
2) and the variation of substrate stage PST that are caused by
the pressure change can be prevented. Flowing out and
scattering of liquid 1 can also be suppressed. Further,
without being limited to the exposure period, when the
boundary between the edge of substrate P and plate portion
57 1s located within liquid immersion region AR2, the
moving speed of substrate stage PST may set to be lower.

By the way, the above-described embodiment has been
described through the example case where with exposure
light EL being irradiated on the image plane side of projec-
tion optical system PL, the pattern of mask M 1s exposed
onto substrate P, but the present invention can also be
applied, for example, during the operation of detecting
exposure light EL in which the exposure light 1s detected by
light sensor portion 58 positioned on substrate stage PS'T on
the 1mage plane side of projection optical system PL, via
projection optical system PL and liqmd 1 held beneath
projection optical system PL. That 1s, controller CONT does
not perform the recovery of liqmd 1 by liguid recovery
mechanism 20 when exposure light EL 1s 1rradiated on light
sensor portion 58 on substrate stage PST, via projection
optical system PL and liquid 1. By doing so, because sound
and vibration due to the recovery of liquid 1 do not occur
during the operation of detecting exposure light EL, the
disadvantage that the detection accuracy decreases due to
the sound and vibration can be prevented.

In detecting exposure light EL. by using light sensor
portion 58, controller CONT, before (or aiter) the exposure
process on substrate P, moves substrate stage PST to make
projection optical system PL and light sensor portion 58 face
cach other and then supplies liquid 1, from liquid supply
mechanism 10, between projection optical system PL and
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light sensor portion 58. And, aiter the space between pro-
jection optical system PL and light sensor portion 58 1s filled
with liquid 1 and thus liquid immersion region AR2 1s
formed, controller CONT emits exposure light EL from
illumination optical system IL and irradiates the exposure
light onto light sensor portion 58, via projection optical
system PL and liquid 1. At this time, the recovery of liquid
1 by liquud recovery mechanism 20 i1s not performed.
Detection results of light sensor portion 58 are outputted to
controller CONT, and controller CONT, based on the detec-
tion results, performs such adjustment processes that expo-
sure light ELL can be wrradiated on the image plane side of
projection optical system PL 1n a desired state, for example,
the 1maging characteristics adjustment and/or i1lluminance
adjustment of projection optical system PL or the tempera-
ture adjustment of liquid 1. After completion of the detection
operation by light sensor portion 58, controller CONT
performs the recovery of liquid 1 by liquid recovery mecha-
nism 20. After completion of the above-mentioned adjust-
ment processes and recovery of liquid 1, controller CONT
initiates the exposure operation for substrate P. It 1s to be
noted that also 1n the liqud recovery operation performed
after exposure light EL has been 1rradiated on light sensor
portion 38, controller CONT can perform the exposure
process, aiter, as has been described referring to FIG. 12, eftc,
by moving substrate stage PST (light sensor portion 58)
relative to recovery ports 23 of liguid recovery mechanism
20, sufliciently performing the recovery of liguid 1 remain-
ing on substrate stage PST.

It 1s to be noted that while, 1n each of the above-described
embodiments, 1t 1s configured such that the recovery of
liguid 1 1s not performed when exposure light ELL. ematted
from 1llumination optical system IL 1s being irradiated on the
image plane side of projection optical system PL, the light
irradiated on the 1mage side 1s not limited to exposure light
EL. emitted from illumination optical system IL. For
example, when, to align mask M and substrate P with a
predetermined position, fiducial mark FM provided on sub-
strate stage PST 1s detected, by using mask alignment
system 90, through TTM (TTR) type system, alignment light
other than exposure light ELL emitted from illumination
optical system IL 1s emitted from mask alignment system 90
positioned over mask M. The alignment light 1s 1rradiated
onto fiducial mark FM via alignment marks formed on mask
M and projection optical system PL. In this regard, a
configuration in which, i a state that the space between
projection optical system PL and a fiducial mark member
that has fiducial mark FM and located on substrate stage PST
1s filled with liquid 1, the above-mentioned alignment light
1s 1rradiated onto fiducial mark FM and 1s then detected can
be conceived; but, also 1n this case, by not performing the
recovery of liquid 1 by liquid recovery mechanism 20 during,
the detection operation on fiducial mark FM, 1.e., when the
alignment 1s 1rradiated on the 1mage plane side of projection
optical system PL, the detection operation on fiducial mark
FM can be performed 1n a state that sound and vibration are
suppressed.

Further, in the above-described embodiment, 1t 1s config-
ured such that after completion of exposure of a piece of
substrate P, with substrate P and substantially the entire
upper surface of substrate stage PST being scanned by
recovery ports 23, the remaining liquid 1s recovered. How-
ever, 1n the case where there remains no liquid (or remains
only a slight amount thereol) on substrate P and/or on the
upper surface of substrate stage PST, the entire scanning by
recovery ports 23 for substrate P and the upper surface of
substrate stage PST may be omitted. It may also be config-
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ured such that the scanning by recovery ports 23 after
completion of exposure 1s performed only for the entire
surface of substrate P, and the scanning for the upper surface
ol substrate stage PST 1s omutted.

It should be noted that while, in the embodiment, both of
the recovery operations during the stepping periods and the
recovery operation for the liqmd remaining on the upper
surface of substrate P (substrate stage PST) by recovery
ports 23 are executed, 1t may also be configured such that
cither one of the operations 1s omitted.

Next, another embodiment of an exposure apparatus of
the present invention will be described referring to FIG. 15.
In the following description, the same or equivalent con-
stituent elements as those 1n the above-described embodi-
ment are denoted by the same reference numerals, and their
descriptions will be abridged or omitted.

In the present embodiment, the sucking and recovering
operation, by liquid recovery mechanism 20, for liquid 1 on
substrate P 1s performed also during exposure of substrate P.
And, the embodiment features in that during exposure of
substrate P, the per-unit-time liquid supply amount of the
liquid supplied on substrate P by liquid supply mechanism
10 1s made larger than the per-unit-time liqud recovery
amount of the liquid recovered from substrate P by liquid
recovery mechanism 20.

As shown 1n FIG. 15, during exposure of substrate P,
controller CONT supplies onto liquid 1 from supply ports 13
and 14 of liquid supply mechanism 10 and, at the same time,
sucks and recovers liquid 1 on substrate P by recovery ports
23 of liquid recovery mechanism 20, to form liquid immer-
sion region AR2 of liquid 1 between projection optical
system PL and substrate P. Du ring this process, controller
CON'T, during exposure of substrate P, makes the per-unit-
time liquid supply amount of the liquid supplied on substrate
P by liquid supply mechanism 10 1s made larger than the
per-unit-time liquid recovery amount of the liquid recovered
by liquid recovery mechamsm 20.

By doing so, even if when liquid recovery mechanism 20
sucks and recovers, from above substrate P, liquid 1 on the
substrate P, the recovery mechanism recovers the liquid
together with gas surrounding the liquid, and sound and
vibration occur therethrough, such sound and/or vibration
can be reduced. More specifically, as described above, the
reason that sound and vibration occur lies 1n that because of
the liquid 1 flows mtermittently into recovery flow paths 84
via recovery ports 23; with the liguid mtermittently flowing
into the recovery flow paths, liqud 1 1s divided into grains;
and, with the divided liquid 1 colliding with recovery tlow
paths 84 and/or recovery pipes 22, such sound and/or
vibration occur. To address this problem, by making the
liquid supply amount during exposure of the liquid supplied
onto substrate P larger than the recovery amount to fill 1n
recovery ports 23A-23D with liquid 1 as much as possible,
the proportion of liquid 1 when liquid recovery mechanism
20 recovers liqud 1 together with the gas 1s made larger.

By doing so, the amount of the liquid becomes smaller,
liguid 1 can be made to flow, via recovery ports 23, into
recovery tlow paths 84 substantially continuously, liquid 1
flowing into the recovery tlow paths from recovery ports 23
becomes difficult to be divided, and thus the sound and/or
vibration can be reduced.

It 1s to be noted that, 1n the embodiment also, 1t may also
be configured such that with one supply port (e.g., supply
port 13) being omitted or with one supply port (e.g., supply
port 13) beimng not used, liquud 1 1s continuously supplied
from the other supply port 14.
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Further, 1t may also be configured such that, as has been
described referring to FIGS. 12 and 13, controller CONT,
alter completion of exposure of substrate P, moves, relative
to recovery ports 23 of liquid recovery mechanism 20,
substrate stage PST holding substrate P, to recover liquid 1
on substrate P or substrate stage PST.

Further, as shown 1 FIG. 14, it may also be configured
such that the liquid 1n gaps G1 and G2 located on the edge
of substrate P 1s recovered. Because, 1n the embodiment, the
liquid supply amount of the liquid supplied by liquid supply
mechanism 10 1s made larger than the liquid recovery
amount of the liquid recovered by liquid recovery mecha-
nism 20, there 1s a possibility that liquid 1 that has not been
recovered remains on substrate P and/or on substrate stage
PST. Thus, after completion of exposure of substrate P, by
moving, relative to recovery ports 23, substrate P and
substrate stage PST holding the substrate P 1n the XY-
direction to recover liquid 1, occurrence of the disadvantage
that liquid 1 remains on substrate P and/or substrate stage
PST can be prevented.

It 1s to be noted that while, 1n each of the embodiments
described referring to FIGS. 1 to 15, 1t 1s configured such
that supply ports 13 and 14 of liquid supply mechanism 10
are each provided on either one of the both sides of projec-
tion areca AR1 in the scanning direction (the X-axis direc-
tion), 1t may also be configured such that by also providing,
separate supply ports on either one of the both sides 1n the
non-scanning direction (the Y-axis direction), the liquid
supply 1s performed by combining those multiple supply
ports. Alternatively, the supply port may be provided as
annular one so as to surround the entire circumierence of
projection area ARI.

It 1s to be noted that while, in the above-described
embodiment, it 1s configured such that trapping surfaces 70
are each provided on either one of the both sides of projec-
tion area AR1 only in the scanning direction, 1t may also be
configured such that the trapping surfaces are provided on
the sides of projection area AR1 1n the non-scanning direc-
tion. On the other hand, 1t 1s 1n the scanning direction that
liqguid 1 1s apt to flow out, and thus, even 1f 1t 1s configured
such that trapping surfaces 70 are provided only 1n the
scanning direction, liquid 1 that 1s going to flow out can be
captured well. In addition, trapping surface 70 1s not
required to be a flat surface; for example, the surface may be
constituted by combining a plurality of flat surfaces. Alter-
natively, trapping surface 70 may be a curved surface and
may be applied with surface area enlarging treatment, spe-
cifically, surface roughening treatment.

It 1s to be noted that while, 1n the above-described
embodiment, tlow path forming member 30 1s formed by
using three members, the number of members 1s not limited
to “three.” Further, while, 1in the above-described embodi-
ment, members 31-33 that form flow path forming member
30 are each a quadrangular, plate-shaped member, they may
be circular, plate-shaped members or may be elliptical,
plate-shaped members, elongated in the X-direction. Still
turther, the flow paths communicating with supply ports 13
and 14 and the tlow paths communicating with recovery
ports 23A, 23B, 23C, and 23D may be formed in separate
members, and the flow path for each port may be formed in
cach of separate members.

It 1s to be noted that while, 1n the embodiment, supply
flow paths 82 and recovery flow paths 84 are provided
integrally inside flow path forming member 30, supply tlow
paths 82 and recovery tlow paths 84 may be formed by
members different from each other, as shown 1n FIG. 16. In
FIG. 16, on the —-X side of projection optical system PL
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(optical element 2) 1s provided first supply member 120 that
forms supply tlow path 82A, and on the +X side 1s provided
second supply member 121 that forms supply tlow path 82B.
First supply member 120 and second supply member 121
have taper-shaped groove portion 43 and taper-shaped
groove portion 44, respectively, and supply liqud 1 onto
substrate P from supply port 13 and supply port 14 of arc
shape when viewed from the top, respectively. Further,
recovery member 122 that forms recovery flow path 84 1s
provided so as to surround optical element 2 of projection
optical system PL and first and second supply members 120
and 121. In this embodiment, recovery port 23 that connects
to recovery flow path 84 1s formed to be ring-shaped such
that the recovery port surrounds projection arca AR1 of
projection optical system PL and the circumierence of
supply ports 13 and 14. And, to the recovery port 23 are
connected a plurality of (four) taper-shaped tlow paths 123
and recovery pipes 22.

It should be noted that while, in the above-described
embodiment, 1t 1s configured such that substrate stage PST
1s provided with the annular plate portion 57 provided so as
to surround substrate P, it may also be configured such that,
as shown 1 FIGS. 17A and 17B, the upper surface of
substrate stage PST 1s set so that the upper surface consti-
tutes the same plane as the surface of substrate P supported
by the substrate stage PST. Here, FIG. 17A 1s a side view of
substrate stage PST; FIG. 17B 1s a plan view. In FIGS. 17A
and 17B, on substrate stage PST 1s provided concave portion
52B; 1inside concave portion 52B 1s provided substrate
holder PH that holds substrate P. And, upper surface 52A of
substrate stage PST, other than concave portion 52B, 1s a flat
surface of which height 1s substantially equal to (which
shares the same plane as) the surface of substrate P held by
substrate holder PH. Further, the upper surfaces of moving
mirrors 55 also have substantially the same height (share the
same plane) as upper surface 52A of substrate stage PST.

After completion of liquid immersion exposure process
on substrate P on substrate stage PST shown 1n FIGS. 17A
and 17B, controller CONT stops the liquid supply by liquid
supply mechanism 10. On the other hand, after completion
of liquid 1mmersion exposure process on substrate P, con-
troller CON'T recovers, while oscillating (moving with small
stroke lengths) substrate stage PST, liquid 1 on substrate P
by liguid recovery mechanism 20. By performing, while
oscillating substrate stage PST, the recovery operation,
liquid 1 on substrate P can be recovered better than when not
doing so.

Further, after recovering, while oscillating substrate stage
PST, liguad 1 on substrate P, controller CONT moves,
relative to recovery ports 23 of liqud recovery mechanism
20, substrate stage PST along a predetermined movement
trajectory (see FIGS. 12 and 13), to scan recovery ports 23
over the entire surface of substrate P. After, in this way,
performing the liquid recovery operation on the entire
surface of substrate P, controller CONT carries out (unloads)
substrate P from substrate stage PST. Next, substrate P to be
exposed 1s carried 1n (loaded) on substrate stage PST. After
performing liquid immersion exposure on this substrate P,
controller CONT performs the liquid recovery operation on
the entire surface of substrate P and then unloads the
substrate P, 1n the same manner as described above.

In the embodiment, the liquid recovery operation on the
entire surface of substrate P performed by liquid recovery
mechanism 20 after completion of liquid immersion expo-
sure of substrate P 1s performed on each of (on a substrate
P basis) the substrates P that have been sequentially mounted
on substrate stage PST and exposed. If liquid 1 remains on
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substrate P having been liquid immersion exposed, there
arises a disadvantage that a water mark 1s formed on
substrate P, or liquid 1 drops (scatters) from substrate P on
the conveyance path of the unloaded substrate P. However,
in the embodiment, by performing, on a substrate P basis, the
liquid recovery operation on the entire surface of the sub-
strate P, the disadvantage due to liquid 1 remaining on
substrate P having been liqud immersion exposed can be
prevented.

In addition, controller CONT performs liquid recovery
operations on the entire area of upper surface 52A of
substrate stage PST, in addition to the entire surface of
substrate P, on a predetermined number of processed sub-
strates basis (or on a predetermined time 1nterval basis). For
example, controller CONT performs liquid recovery opera-
tions on the entire surface of substrate P and the entire upper
surface of substrate stage PS'T on a lot of substrates P basis.
To perform the liquid recovery operation on the entire
surface of substrate P and the entire upper surface of
substrate stage PST, it 1s only required to, as described
referring to FIGS. 12 and 13, move substrate stage PST,
relative to recovery ports 23 of liquid recovery mechanism
20, along a predetermined movement trajectory. The prob-
ability that liquid 1 remains on upper surface 52A of
substrate stage PST after the liquid immersion exposure 1s
low; even 1n the case where liqud 1 1s remaining on upper
surface 52A, i1 the remaining amount very small, the influ-
ence thereof exerted on the exposure process of the substrate
P to be loaded next 1s small. Thus, with the liquid recovery
operations on upper surface 52A of substrate stage PST
being performed, for example, on a lot of substrates P basis,
the liquid recovery operation time can be shortened, and thus
the throughput can be improved. Further, the liquid recovery
operation as shown 1n FIG. 14 may be additionally used.

It 1s to be noted that 1t may also be configured such that
the recovery operations are performed on the entire upper
surface of substrate stage PST, in addition to the entire
surface of substrate P, on a lot of substrates P basis. Of
course, 1t may also be configured such that the liquid
recovery operations are performed on the entire area of
upper surface 52A of substrate stage PST, 1n addition to the
entire surface of substrate P, on a substrate P basis. Further,
it may also be configured such that after fiducial mark FM
on substrate stage PST and/or light sensor portion 58 has
been used 1n a liguid immersion state, a liqud recovery
operation on only the upper surface of substrate stage PST
1s performed. It should be noted that, 1n such cases also, by
making the distance between recovery ports 23 and the
surface of substrate P (upper surface 52A of substrate stage
PST) smaller, the liquid on the surface of substrate P or the
upper surface of substrate stage PS'T can be recovered more
reliably. By doing so, it can be prevented that a water mark
will be formed on upper surtface 52 A of substrate stage PST.

It should be noted that, in each of the above-described
embodiments, 1t may also be configured such that by pro-
viding separate recovery ports, other than recovery ports 23,
the recovery operation using recovery ports 23 and the
recovery operation using the separate recovery ports are
performed in parallel after the liquid immersion exposure.
Here, the separate recovery ports are ports that are not used
during the liquid immersion exposure, and they are, for
example, ports that are provided, relative to projection area
AR1, on the more outer side of recovery ports 23, and/or
ports that are provided on the upper surface of, or 1n the
surrounding area of, substrate stage PST.

FIG. 18 shows an example of an exposure sequence
performed by exposure apparatus EX of the above-described
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embodiment. Here, substrate stage PST 1s the same as that
of FIG. 17. Further, the exposure sequence shown 1n FIG. 18
can be executed i1n an appropriate combination with the
embodiments described earlier with reference to FIGS. 1 to
16.

As shown 1n FIG. 18, on substrate P are set a plurality of
shot areas T1-132 that are located with a predetermined
pitch 1n the X-axis direction (scanning direction) and with a
predetermined pitch in the Y-axis direction. Controller
CONT starts exposure with the first shot area T1 and
therealter sequentially exposes the shot areas 12, 13, . . .,
and T32. In this process, the scanning tracks of the slit-
shaped projection area AR1 at the above shot areas are
respectively shown by the arrows Ul, U2, . .., and U32. In
other words, 1n the exposure sequence of this embodiment,
the order of exposure of the shot areas 1s set such that when
two consecutive shot areas are sequentially exposed, sub-
strate P (mask M) does not move in the same direction;
controller CON'T, while moving substrate P alternately in the
+X -direction (first direction) and in the —X-direction (sec-
ond direction), sequentially exposes the plurality of shot
areas 11-132 on substrate P, which are to be exposed. Be
cause the height of upper surtface 52A of substrate stage PST
1s substantially equal to that of the surface of substrate P, the
shot areas, including the shot areas located near the periph-
ery of substrate P, can be exposed while moving substrate P
alternately 1n the +X-direction and 1n the —X-direction in this
way. Note that, 1n fact, because the exposure of each shot
area 1s performed with substrate P being moved relative to
projection arca AR1, substrate P moves 1n the directions
opposite to the directions indicated by the arrows shown 1n
FIG. 18.

Further, it may also be configured such that 1n sequentially
exposing each shot areas T1-132 of substrate P, the scanning
speed of substrate P when exposing certain selected shot
areas 15 made lower than that when exposing the other shot
areas, depending on the positions of the selected shot areas.

In the case shown 1n FIG. 18, because the shot areas T1,
T4, T5, T10, T23, T28, T29, and T32, which are formed on
the peripheral portion of substrate P, lack a portion thereof
and because with respect to the shot areas T2, T3, T30, and
131, the distance between the edge of the shot areas and the
edge of substrate P 1s small, the boundary between the edge
of substrate P and upper surface S2A of substrate stage PST
comes to be included 1n liquid immersion region AR2,
during or before/after exposure. Thus, when exposing those
shot areas, the scanning speed of substrate P 1s preferably set
to be lower than the scanning speed of substrate P when
exposing the shot areas located near the center of substrate
P (e.g., T13 and T14).

By doing so, even if there 1s a slight height difference
between the surface of substrate P and upper surface 32A of
substrate stage PST, the pressure change of the liquid
existing between projection optical system PL and substrate
P can be made small, and, at the same time, the surfaces of
the shot areas can be made to accurately coincide with the
image plane of projection optical system P1 by the autofocus
system and the autoleveling system.

Further, 1t may also be configured such that depending
upon the area of upper surface 52A of substrate stage PST
(including the surface of substrate P) and upon the area
(s1ze) of liquid immersion region AR2, the scanning speed
of substrate P when exposing each shot area 1s adjusted. For
example, when 1t 1s intended that the shot areas located near
the edge of substrate P (e.g., T1-T4 and 129-132) are
exposed with a scanning speed similar to that applied to the
shot areas located near the center of substrate P (e.g., 113
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and T14), there arises the possibility that liquid immersion
region AR2 runs ofl upper surface 52A of substrate stage
PST when substrate P 1s at the acceleration start position
(run-up start position) or runs oil upper surface 52A of
substrate stage PST during deceleration of substrate P or at
the deceleration end position thereof. In such a case, 1t 1s
preferable that the scanning speed of substrate P when the
shot areas located near the edge of substrate P (e.g., T1-T4
and T29-T32) are exposed i1s decreased. By doing so, the
acceleration distance (run-up distance) and/or deceleration
distance of substrate P when exposing the shot areas located
near the edge of substrate P (e.g., T1-1T4 and 129-132) can
be made to be shorter, and thus, without liquid immersion
region AR2 running off upper surface 52 A of substrate stage
PST, each shot area (in particular, the shot areas located near
the edge of substrate P) can be exposed with high accuracy
while liquid 1 being held well between projection optical
system PL and upper surface 52A of substrate stage PST.

It 1s to be noted that when 1t 1s desired that the decrease
of the scanning speed, when exposing some shot areas, due
to the short acceleration distance and/or deceleration dis-
tance be avoided and/or when the error of position control of
the surface of substrate P through the autofocus system and
the autoleveling system due the height difference between
the surface of substrate P and upper surface 52A of substrate
stage PST be avoided, the movement direction of substrate
P when the shot areas T1, 12, T3, T4, TS5, 123, 128, 129,
130, T31, and T32, which are located near the edge of
substrate P may be set such that projection area AR1 moves
from 1nside substrate P toward outside substrate P. In this
case also, 1t 1s preferable that an exposure sequence (expo-
sure order) 1n which substrate P 1s moved alternately 1n the
+X-direction and in the —X-direction as far as possible.

In the above-described embodiments, liquid 1 i1s consti-
tuted by purified water. Purified water has the advantage that
it 1s easily available 1n bulk 1n, e.g., semiconductor manu-
facturing factories and also the advantage that 1t does not
adversely aflect photoresist on substrate P, optical elements
(lenses), etc. Further, purified water does not adversely
aflect the environment and contains scarcely any impurities;
thus, the eflect that it cleans the surface of substrate P and
the surface of the optical element provided at the end portion
ol projection optical system PL can be expected.

The refractive index n of purified water (water) relative to
exposure light EL having a wavelength of about 193 nm 1s
approximately 1.44, and thus when ArF excimer laser light
(having 193 nm wavelength) 1s used as the light source of
exposure light EL, the wavelength 1s eflectively shortened,
on substrate P, as 1if multiplied by 1/n, 1.e., eflectively
becomes approximately 134 nm, and thus, a high resolution
can be obtained. Further, since the depth of focus increases
by approximately n times, 1.e., approximately by 1.44 times,
compared with that 1n the air, when securing of the depth of
focus on par with the depth of focus realized when the
projection optical system 1s used in the air suflices, the
numerical aperture of the projection optical system PL can
be further increased; which also improves the resolution.

When the liquid immersion method 1s used as described
above, the numerical aperture NA of the projection optical
system PL may become 1.0 to 1.3. When the numerical
aperture NA of the projection optical system PL exceeds 1.0,
random-polarized light conventionally used as the exposure
light may, because of 1ts polarization eflect, adversely aflect
the 1maging performance; thus, a polarized light i1llumina-
tion method 1s preferably used. In this case, 1t 1s preferable
that by performing linearly polarized light i1llumination in
which the longitudinal direction of the line pattern of the
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line-and-space pattern on the mask (reticle) 1s aligned with
the polarization direction, the proportion of diffraction lights
of S polarization components (diffraction lights of the polar-
1zation components having the polarization direction 1n line
with the longitudinal direction of the line pattern) from the
pattern of the mask (reticle) 1s made to be larger. When the
space between projection optical system PL and the resist
applied to the surface of substrate P 1s filled with the liquid,
the transmittance at the resist surface of the diffraction lights
from S polarization, which contribute to the improvement of
the contrast, 1s higher compared with the case where the
space between projection optical system PL and the resist
applied to the surface of substrate P 1s filled with the gas
(a1r), a high 1maging performance can be obtained even 1n
the case where the numerical aperture NA of the projection
optical system 1s over 1.0. It 1s to be noted that when a phase
shift mask 1s used as the mask (reticle), 1t works more
cllectively. Further, because depending on the condition of
the liquid between projection optical system PL and sub-
strate P, e.g., the temperature of the liquid, the movement of
the liqud (speed and direction), and the pressure of the
liqguid, the polarization condition of the exposure light
irradiated onto substrate P may change, 1t may also be
configured such that by taking 1nto account of the polariza-
tion condition of the exposure light irradiated onto substrate
P (e.g., by measuring the polarization condition) 1n various
kinds of conditions, the optimization of the polarized light
illumination as to the polarization direction and the polar-
ization degree (optimization based on the measurement
results of the polarization condition) 1s performed.

In the embodiments, optical element 2 1s attached to the
end of projection optical system PL, and with the aid of lens,
the optical characteristics of projection optical system PL
(spherical aberration, coma aberration, etc.) can be adjusted.
It should be noted that as the optical element to be attached
to the end of projection optical system PL, an optical plate
used for the adjustment of the optical characteristics of
projection optical system PL may be utilized. Alternatively,
a plane parallel plate that can transmit exposure light EL
may be utilized.

It should be noted that 11 the pressure, caused by the flow
of liquid 1, of the space between the optical element located
at the end of projection optical system PL and substrate P 1s
high, 1t may be configured such that the optical element 1s
rigidly fixed so as not to move due to the pressure, 1nstead
of making the optical element replaceable.

It should be noted that while, in the embodiments, it 1s
configured such that the space between projection optical
system PL and the surface of substrate P 1s filled with liquad
1, 1t may also be configured, for example, such that the space
1s filled with liquid 1 in the condition that a cover glass
constituted by a plane parallel plate 1s attached to the surface
of substrate P.

Further, as disclosed in PCT International Publication No.
WO 2004/019128, a projection optical system wherein both
of the optical path space on the image surface side and the
optical path space on the mask M side of optical element 2
are filled with a liquid can also be adopted as projection
optical system PL.

It should be noted that while, 1n the embodiments, liquid
1 1s water, liguid 1 may be a liquid other than water. For
example, when the light source of exposure light EL 1san F,
laser, the F, laser light does not transmit through water, and
thus, as liquid 1, a fluorofluid that can transmit the F, laser
light, such as fluorochemical oil or pertluoropolyether
(PFPE), may be used. Further, as liquid 1, a material (e.g.,
cedar o1l) that can transmit exposure light EL, has a high
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refractive index as high as practicable, and does not aflect
projection optical system PL and the photoresist applied to
the surface of substrate P can also be used.

Also 1n this case, the surface treatment 1s applied 1n
accordance with the polarity of liquid 1.

It 1s to noted that as for substrate P of each of the
above-described embodiments, not only a semiconductor
waler for manufacturing a semiconductor device, but also a
glass substrate for a display device, a ceramic wafer for a
thin film magnetic head, a master mask or reticle (synthetic
quartz or silicon wafer), etc. can be used.

As for exposure apparatus EX, 1n addition to a scan type
exposure apparatus (scanning stepper) in which while syn-
chronously moving mask M and substrate P, the pattern of
mask M 1s scan-exposed, a step-and-repeat type projection
exposure apparatus (stepper) in which the pattern of mask M
1s exposed at one time in the condition that mask M and
substrate P are stationary, and substrate P 1s successively
moved stepwise can be used. Also, the present invention can
be applied to a step-and-stitch type exposure apparatus in
which at least two patterns are transiferred onto substrate P
in a partially overlapping manner.

Further, the present invention can be applied to a twin
stage type exposure apparatus which, as disclosed 1n, e.g.,
Japanese Unexamined Patent Publication, First Publication
No. H10-163099, Japanese Unexamined Patent Publication,
First Publication No. H10-214/83, and Published Japanese
Translation No. 2000-5059358 of PCT International Appli-
cation, 1s provided with two stages which can move in the
XY-direction independently of each other while separately
holding thereon substrates to be exposed, ¢.g., waters. In this
case, the embodiments having been described using FIGS. 1
to 18 can be applied to each of the two stages.

Still further, the present ivention can be applied to an
exposure apparatus which, as disclosed 1n, e.g., Japanese
Unexamined Patent Publication, First Publication No. H11-
133400, 1s provided with a substrate stage which while
holding thereon a substrate to be processed, e.g., a water, can
move 1n the XY directions and with a measurement stage on
which the above-described light sensor portion and/or fidu-
cial mark are set and which can move independently of the
substrate stage. In this case also, the embodiments having
been described using FIGS. 1 to 18 can be applied to the
substrate stage, and, further, 1t may also be configured such
that after completion of various kinds of measurements
performed by forming liquid immersion region AR2 on the
measurement stage, the liquid remaining on the upper sur-
face of the measurement stage 1s recovered while relatively
moving recovery ports 23 and the measurement stage.

As for the type of exposure apparatus EX, the present
invention 1s not limited to an exposure apparatus, which
exposes a semiconductor pattern onto substrate P, for manu-
facturing semiconductor devices, but can also be applied to
a variety ol exposure apparatuses, €.g., an exposure appa-
ratus for manufacturing liquid crystal display devices or a
displays, an exposure apparatus for manufacturing thin film
magnetic heads, an exposure apparatus for manufacturing
image pickup devices, and an exposure apparatus for manu-
facturing reticles or masks.

When using a linear motor (see U.S. Pat. No. 5,623,853
or U.S. Pat. No. 5,528,118) for substrate stage PST and/or
mask stage MST, either air-floating type linear motor using,
an air bearing or a magnetic levitation type linear motor
using a Lorentz force or reactance force may be used.
Further, each of substrate stage PST and mask stage MST
may be either of a type moving along a guide or of a
guideless type having no guide.
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As for the dnving mechanism for each of substrate stage
PST and mask stage MST, a planar motor in which by
making a magnet unit 1n which magnets are two-dimension-
ally arranged and an armature unit in which coils are
two-dimensionally arranged face each other, each of sub-
strate stage PST and mask stage MST 1s driven by an
clectromagnetic force may be used. In this case, either one
of the magnet unit and the armature unit 1s attached to stage
PST and stage MST, and the other unit 1s attached to the
moving surface side of stage PST or stage MST.

A reaction force generated by the movement of substrate
stage PST may be, as described 1n Japanese Unexamined
Patent Publication, First Publication No. HO8-166475 (U.S.
Pat. No. 5,528,118), mechanically released to the floor
(earth) by use of a frame member so that the force does not
transmit to projection optical system PL. A reaction force
generated by the movement of mask stage MST may be, as

described in Japanese Unexamined Patent Publication, First
Publication No. HO8-330224 (U.S. patent application Ser.

No. 08/416,538), mechanically released to the floor (earth)
by use of a frame member so that the force does not transmit
to projection optical system PL.

Exposure apparatus EX according to the embodiments of
the present application 1s built by assembling various sub-
systems, including each element listed 1n the claims of the
present application, 1n such a manner that prescribed
mechanical accuracy, electrical accuracy, and optical accu-
racy are maintained. In order to ensure the various accura-
cies, prior to and after the assembly, every optical system 1s
adjusted to achieve 1ts optical accuracy, every mechanical
system 1s adjusted to achieve its mechanical accuracy, and
every electrical system 1s adjusted to achieve its electrical
accuracy.

The process of assembling each subsystem into the expo-
sure apparatus includes mechanical interfaces, electrical
circuit wiring connections, and air pressure plumbing con-
nections between each subsystem. Needless to say, there 1s
also a process where each subsystem i1s assembled prior to
the assembling of the exposure apparatus from the various
subsystems. On completion of the process of assembling the
various subsystems 1n the exposure apparatus, overall
adjustment 1s performed to make sure that every accuracy 1s
maintained in the complete exposure apparatus. Addition-
ally, 1t 1s desirable to manufacture the exposure apparatus 1n
a clean room, 1 which the temperature, purity, etc. are
controlled.

As shown 1n FIG. 19, micro devices such as semiconduc-
tor devices are manufactured by a series of steps, including;:
step 201 1n which the micro device’s function and perfor-
mance design 1s performed; step 202 1 which a mask
(reticle) 1s manufactured based on the design step; step 203
in which a substrate, the device’s base material, 1s manu-
factured; substrate process step 204 1 which the mask
pattern 1s exposed onto the substrate by exposure apparatus
EX according to the above-described embodiments; device
assembly step 205 (including the dicing process, bonding
process, and packaging process); mspection step 206.

Because the present invention provides an exposure appa-
ratus that by 1rradiating an exposure light, via a projection
optical system and a liquid, on a substrate placed on the
image plane side of said projection optical system, exposes
said substrate, wherein a liquid supply mechanism that
supplies the liquid onto said substrate and a liquid recovery
mechanism that recovers the liquid having been supplied on
said substrate are provided and wherein when said exposure
light 1s being irradiated on the image plane side of said
projection optical system, said liquid recovery mechanism
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does not recover said liquid, the exposure process can be
performed 1n a state that sound and vibration are reduced,
and deterioration of pattern due to the remaiming liqud can
be prevented; and thus, devices having a desired perior-
mance can be manufactured while high exposure accuracy
being maintained.

What 1s claimed 1s:
1. An exposure method 1n which a plurality of shot areas
ol a substrate are exposed, sequentially and respectively, the
method comprising:
holding the substrate on a substrate holder of a substrate
stage such that a gap 1s formed along an edge of the
substrate between the edge of the substrate and an
upper surface of the substrate stage that surrounds the
substrate holder, the substrate holder holding the sub-
strate such that an upper surface of the substrate 1s
substantially flush with the upper surface of the sub-
strate stage:
exposing one of the shot areas of the substrate to an 1image
of a pattern through a liquid of a liquid immersion area,
which covers only a portion of the upper surface of the
substrate, while moving the substrate at a first scanning
speed, the one of the shot areas being located near a
center of the substrate; and
exposing another one of the shot areas of the substrate to
the 1mage of the pattern through the liquid of the liquid
immersion area, while moving the substrate at a second
scanning speed that 1s lower than the first scanning
speed, the another one of the shot areas being located
near the edge of the substrate and a portion of the gap
being included in the liquid immersion area during the
exposing of the another one of the shot areas, wherein

during the exposure of the plurality of shot areas of the
substrate, the substrate stage 1s moved such that a
portion of the liquid immersion area 1s formed on a part
of the upper surface of the substrate stage, and

during a first time period in which the one of the shot areas
1s exposed, a scanning speed of the substrate 1s main-
taimned at the first scanning speed, and during a second
time period 1n which the another one of the shot areas
1s exposed, the scanning speed of the substrate 1s
maintained at the second scanning speed.

2. The method according to claim 1, wherein the second
scanning speed 1s determined such that an adverse eflect 1s
prevented when the liquid immersion area 1s formed over the
gap between the upper surface of the substrate and the upper
surface of the substrate stage.

3. The method according to claim 2, wherein the adverse
ellect 1s due to a pressure of the liquid of the lquid
Immersion area.

4. The method according to claim 1, wherein the second

l

scanning speed 1s determined such that the liquid of the
liguid 1mmersion area 1s prevented from running oif the
upper surface of the substrate stage.

5. The method according to claim 1, wherein the hiquid
immersion area 1s formed by supplying the liquid from a
supply ilet and recovering the supplied liguid from a
recovery outlet.

6. The method according to claim 5, wherein the recovery
outlet recovers the liqud along with gas.

7. The method according to claim 6, wherein the recovery
outlet faces downwardly toward the upper surface of the
substrate.

8. The method according to claim 7, wherein the liquid
supply inlet faces downwardly toward the upper surface of

the substrate.
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9. The method according to claim 1, wherein the gap 1s
from 0.1 mm to 1 mm.

10. The method according to claim 1, wherein the another
one of the shot areas 1s smaller than the one of the shot areas.

11. A device manufacturing method comprising:

exposing a substrate using the exposure method of claim

1; and

processing the exposed substrate.

12. The method according to claim 1, wherein the gap
extends 1n a horizontal direction.

13. The method according to claim 1, wherein the gap
extends horizontally between the edge of the substrate and
an adjacent edge of the upper surface of the substrate stage.

14. The method according to claim 1, wherein at least a
portion of the gap extends below the upper surface of the
substrate stage.

15. The method according to claim 14, wherein the upper
surface of the substrate stage 1s configured to maintain the

liguid 1mmersion area during exposure of a peripheral
portion of the substrate with the image through the liquid of
the liguid immersion area.

16. The method according to claim 14, wherein the upper
surface of the substrate stage 1s configured to prevent the
liquid of the liquid immersion area from flowing out during
exposure ol a peripheral portion of the substrate with the
image through the liquid of the liquid immersion area.

17. The method according to claim 1, further comprising;:

forming the liquid immersion area of the liquid under an
optical element of a projection optical system by sup-
plying the liqud to, and recovering the liquid from, the
liqguid 1mmersion area with a retaining member having
(1) a lower surface that surrounds the optical element,
(1) an aperture 1n and surrounded by the lower surface
and through which the image of the pattern 1s projected
from the projection optical system, (111) a liquad supply
port through which the liqumd is supplied, and (iv)
liguid recovery ports located 1n the lower surface at
least on opposite sides of the aperture, the retaining
member forming the liquid immersion area by supply-
ing the liqmd through the liquid supply port and
recovering the liguid through the liquid recovery ports.

18. An exposure method comprising:

holding a substrate on a substrate holder of a substrate
stage, the substrate holder holding the substrate such
that an upper surface of the substrate 1s substantially
flush with an upper surface of the substrate stage that
surrounds the substrate holder;

exposing one ol shot areas of the substrate to an image of
a pattern through a liquid of a liquid immersion area,
which covers a portion of the upper surface of the
substrate, while moving the substrate at a first speed,

exposing another one of the shot areas of the substrate to
the 1mage of the pattern through the liquid of the liquid
immersion area, which covers a portion of the upper
surface of the substrate, while moving the substrate at
a second speed that 1s lower than the first speed,

wherein:

a gap 1s formed along an edge of the substrate held on the
substrate holder, the gap disposed between the edge of
the substrate and the upper surface of the substrate
stage,

during the exposing of the another one of the shot areas,
the liquid immersion area 1s formed over a portion of
the gap,

during the exposure of the shot areas of the substrate, the
substrate stage 1s moved such that a portion of the
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liquid immersion area 1s formed on a part of the upper
surface of the substrate stage, and

during a first time period in which the one of the shot areas

1s exposed, a speed of the substrate 1s maintained at the
first speed, and during a second time period in which
the another one of the shot areas 1s exposed, the speed
of the substrate 1s maintained at the second speed.

19. The method according to claim 18, wherein during the
exposing of the one of the shot areas, the liquid immersion
area 1s not formed over any portion of the gap.

20. The method according to claim 18, wherein during the
exposing of the one of the shot areas, the liquid immersion
area 1s formed only on the upper surface of the substrate.

21. The method according to claim 18, wherein during the
exposing of the one of the shot areas, an entirety of the liquid
immersion area 1s formed on the upper surface of the
substrate.

22. The method according to claim 18, wherein the one of
the shot areas 1s located in a central portion of the upper
surtace of the substrate.

23. The method according to claim 18, wherein the
another one of the shot areas 1s located 1n a peripheral
portion of the upper surface of the substrate.

24. The method according to claim 23, wherein the
another one of the shot areas 1s smaller than the one of the
shot areas.

25. The method according to claim 18, wherein pressure
change of the liquid of the liqud immersion area 1s reduced
by moving the substrate at the second speed that 1s lower
than the first speed.

26. The method according to claim 18, wherein the liquid
1s retained under an optical element of a projection optical
system, while the liquid immersion area 1s formed over the
portion of the gap between the upper surface of the held
substrate and the upper surface of the substrate stage.

277. The method according to claim 18, wherein a size of
the gap 1s from 0.1 to 1.0 mm.

28. The method according to claim 18, wherein the shot
areas are sequentially and respectively exposed while mov-
ing the substrate alternately in first and second directions
that are opposite to each other.

29. The method according to claim 18, wherein the liquid
immersion area 1s formed under an optical element of a
projection optical system by performing a liquid supply
from a supply port and a liquid recovery from a recovery
port.

30. The method according to claim 29, wherein the
recovery port 1s arranged such that the upper surface of the
substrate faces the recovery port.

31. The method according to claim 30, wherein the supply
port 1s arranged such that the upper surface of the substrate
taces the supply port and such that the supply port surrounds
a projection area to which the image of the pattern 1is
projected.

32. The method according to claim 31, wherein the
recovery port 1s arranged such that the recovery port sur-
rounds the supply port.

33. The method according to claim 30, wherein the
recovery port collects the liquid along with gas.

34. The method according to claim 18, wherein the
substrate 1s moved at the second speed during the exposing
ol the another one of the shot areas such that the liqud of the
liguid 1immersion area 1s prevented from flowing out.

35. The method according to claim 18, wherein the
substrate 1s moved at the second speed during the exposing
of the another one of the shot areas such that the liqud of the
liquid 1immersion area 1s prevented from scattering.
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36. The method according to claim 18, wherein the gap
extends 1 a horizontal direction.

37. The method according to claim 18, wherein the gap
extends horizontally between the edge of the substrate and
an adjacent edge of the upper surface of the substrate stage.

38. The method according to claim 18, wherein at least a
portion of the gap extends below the upper surface of the
substrate stage.

39. The method according to claim 38, wherein the upper
surface of the substrate stage 1s configured to maintain the
ligquid 1mmersion area during exposure of a peripheral
portion of the substrate with the image through the liquid of
the liguid immersion area.

40. The method according to claim 38, wherein the upper
surface of the substrate stage 1s configured to prevent the
liquid of the liquid immersion area from flowing out during
exposure of a peripheral portion of the substrate with the
image through the liquid of the liquid immersion area.

41. The method according to claim 18, further compris-
ng:

forming the liquid immersion area of the liquid under an

optical element of a projection optical system by sup-
plying the liqud to, and recovering the liquid from, the
liqguid 1mmersion area with a retaining member having
(1) a lower surface that surrounds the optical element,
(1) an aperture in and surrounded by the lower surface
and through which the image of the pattern 1s projected
from the projection optical system, (111) a liquid supply
port through which the liqmd is supplied, and (iv)
liqguid recovery ports located 1n the lower surface at
least on opposite sides of the aperture, the retaining
member forming the liquid immersion area by supply-
ing the liqud through the liquid supply port and
recovering the liquid through the liquid recovery ports.

42. An exposure method comprising:

holding a substrate on a substrate holder of a substrate

stage:

exposing one of shot areas of the substrate to an image of

a pattern through a liquid of a liquid 1mmersion area,
which covers a portion of an upper surface of the
substrate, while moving the substrate at a first speed;
and

exposing another one of the shot areas of the substrate to

the 1mage of the pattern through the liquid of the liquad

immersion area, which covers a portion of the upper

surface of the substrate, while moving the substrate at

a second speed that 1s lower than the first speed,
wherein:

the substrate stage has an upper surface that surrounds the

substrate held by the substrate holder, the upper surface
of the substrate stage 1s substantially flush with the
upper surface of the substrate held by the substrate
holder,

during the exposing of the another one of the shot areas,

the liquid immersion area extends over a portion of the
upper surface of the held substrate and a portion of the
liquid 1immersion area 1s formed on a part of the upper
surface of the substrate stage, and

during a first time period in which the one of the shot areas

1s exposed, a speed of the substrate 1s maintained at the
first speed, and during a second time period in which
the another one of the shot areas 1s exposed, the speed
of the substrate 1s maintained at the second speed.

43. The method according to claim 42, wherein during the
exposing of the one of the shot areas, the liquid immersion
area 1s not formed on the upper surface of the substrate stage.
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44. The method according to claim 42, wherein during the
exposing of the one of the shot areas, the liguid immersion
area 1s formed only on the upper surface of the substrate.

45. The method according to claim 42, wherein during the
exposing of the one of the shot areas, an entirety of the liquid
immersion arca 1s lormed on the upper surface of the
substrate.

46. The method according to claim 42, wherein the one of
the shot areas 1s located in a central portion of the upper
surface of the substrate.

47. The method according to claim 42, wherein the
another one of the shot areas 1s located 1n a peripheral
portion of the upper surface of the substrate.

48. The method according to claim 47, wherein the
another one of the shot areas 1s smaller than the one of the
shot areas.

49. The method according to claim 42, wherein pressure
change of the liquid of the liquid immersion area 1s reduced
by moving the substrate at the second speed that 1s lower
than the first speed.

50. The method according to claim 42, wherein a gap 1s
formed between the upper surface of the substrate and the
upper surface of the substrate stage.

51. The method according to claim 50, wherein a size of
the gap 1s from 0.1 to 1.0 mm.

52. The method according to claim 50, wherein the liquid
1s retained under an optical element of a projection optical
system, while the liquid immersion area covers the portion
of the upper surface of the substrate and the portion of the
upper surface of the substrate stage.

53. The method according to claim 50, wherein at least a
portion of the gap extends below the upper surface of the
substrate stage.

54. The method according to claim 53, wherein the upper
surface of the substrate stage 1s configured to maintain the
liguuid 1mmersion area during exposure of a peripheral
portion of the substrate with the image through the liquid of
the liguid immersion area.

55. The method according to claim 53, wherein the upper
surface of the substrate stage 1s configured to prevent the
liquid of the liquid immersion area from flowing out during
exposure ol a peripheral portion of the substrate with the
image through the liquid of the liquid immersion area.

56. The method according to claim 42, wherein the shot
areas are sequentially and respectively exposed while mov-
ing the substrate alternately in first and second directions
that are opposite to each other.

57. The method according to claim 42, wherein the liquid
immersion area 1s formed under an optical element of a
projection optical system by performing a liquid supply
from a supply port and a liquid recovery from a recovery
port.

58. The method according to claim 37, wherein the
recovery port 1s arranged such that the upper surface of the
substrate faces the recovery port.

59. The method according to claim 58, wherein the supply
port 1s arranged such that the upper surface of the substrate
taces the supply port and such that the supply port surrounds
a projection area to which the image of the pattern 1is
projected.

60. The method according to claim 59, wherein the
recovery port 1s arranged such that the recovery port sur-
rounds the supply port.

61. The method according to claim 58, wherein the
recovery port collects the liquid along with gas.

62. The method according to claam 42, wherein the
substrate 1s moved at the second speed during the exposing
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ol the another one of the shot areas such that the liquid of the
liguid 1mmersion area 1s prevented from tlowing out.

63. The method according to claim 42, wherein the
substrate 1s moved at the second speed during the exposing
of the another one of the shot areas such that the liquid of the
liqguid 1mmersion area 1s prevented from scattering.

64. The method according to claim 42, further compris-
ng:

forming the liquid immersion area of the liqud under an

optical element of a projection optical system by sup-
plying the liqud to, and recovering the liquid from, the
liqguid 1mmersion area with a retaining member having
(1) a lower surface that surrounds the optical element,
(1) an aperture in and surrounded by the lower surface
and through which the image of the pattern 1s projected
from the projection optical system, (111) a liquid supply
port through which the liqmd i1s supplied, and (1v)
liqguid recovery ports located 1n the lower surface at
least on opposite sides of the aperture, the retaining
member forming the liquid immersion area by supply-
ing the liquid through the liquid supply port and
recovering the liquid through the liquid recovery ports.

65. A method of manufacturing an exposure apparatus
comprising;

providing a projection optical system having an optical

clement:

providing a substrate stage having a substrate holder on

which a substrate 1s held, a gap being formed between
an edge of the substrate held on the substrate holder and
an upper surface of the substrate stage that surrounds
the held substrate, the upper surface of the substrate
stage being substantially flush with an upper surface of
the substrate held by the substrate holder;

providing a retaining member having a tlow path through

which a liquid flows and having an opening through
which an 1mage of a pattern 1s projected from the
projection optical system, the retaiming member form-
ing a liquid immersion area of the liquid under the
optical element of the projection optical system; and
providing a controller that controls an exposure operation
in which a plurality of shot areas of the substrate are
exposed sequentially and respectively to the image of
the pattern through the liquid of the liquid immersion
area which covers a portion of the upper surface of the
substrate, wherein (1) the controller moves the substrate
stage at a first speed to expose one of the shot areas of
the substrate to the image of the pattern through the
liguid of the liquid immersion area, (i11) the controller
moves the substrate stage at a second speed, that 1s
lower than the first speed, to expose another one of the
shot areas of the substrate to the image of the pattern
through the liquid of the liquid immersion area, (111)
during the exposing of the another one of the shot areas,
the liquid immersion area 1s formed over a portion of
the gap and a portion of the liquid immersion area is
formed on a part of the upper surface of the substrate
stage, and (1v) during a first time period 1n which the
one of the shot areas 1s exposed, the controller main-
tains a speed of the substrate stage at the first speed, and
during a second time period in which the another one
of the shot areas 1s exposed, the controller maintains the
speed of the substrate stage at the second speed.

66. The method according to claim 65, wherein the gap
extends 1n a horizontal direction.

67. The method according to claim 65, wherein the gap
extends horizontally between the edge of the substrate and
an adjacent edge of the upper surface of the substrate stage.
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68. The method according to claim 65, wherein
the retaining member has (1) a lower surface that sur-
rounds the optical element, (1) an aperture 1n and
surrounded by the lower surface and through which the
image of the pattern i1s projected from the projection
optical system, (111) a liquid supply port through which
the liquid 1s supplied, and (1v) liqmd recovery ports
located 1n the lower surface at least on opposite sides of
the aperture, and
the retaining member forms the liquid immersion area of
the liquid under the optical element of the projection
optical system by supplying the liquid through the
liquid supply port and recovering the liquid through the
liquid recovery ports.
69. A method of manufacturing an exposure apparatus
comprising;
providing a projection optical system having an optical
clement:
providing a substrate stage having a substrate holder on
which a substrate 1s held and having an upper surface
that surrounds the substrate held by the substrate
holder, the upper surface of the substrate stage being
substantially flush with an upper surface of the sub-
strate held by the substrate holder;
providing a retaining member having a tlow path through
which a liquid flows and having an opening through
which an 1mage of a pattern 1s projected from the
projection optical system, the retaiming member form-
ing a liquid immersion area of the liquid under the
optical element of the projection optical system; and
providing a controller that controls an exposure operation
in which a plurality of shot areas of the substrate are
exposed sequentially and respectively to the image of
the pattern through the liquid of the liquid immersion
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area which covers a portion of the upper surface of the
substrate, wherein (1) the controller moves the substrate
stage at a first speed to expose one of the shot areas of
the substrate to the image of the pattern through the
liquid of the liquid immersion area, (i1) the controller
moves the substrate stage at a second speed, that 1s
lower than the first speed, to expose another one of the
shot areas of the substrate to the image of the pattern
through the liquid of the liquid immersion area, (i11)
during the exposing of the another one of the shot areas,
the liquid immersion area covers a portion of the upper
surface of the held substrate and a portion of the liquid
immersion area 1s formed on the upper surface of the
substrate stage, and (1v) during a first time period 1n
which the one of the shot areas 1s exposed, the con-
troller maintains a speed of the substrate stage at the
first speed, and during a second time period in which
the another one of the shot areas i1s exposed, the
controller maintains the speed of the substrate stage at
the second speed.

70. The method according to claim 69, wherein the
retaining member has (1) a lower surface that surrounds the
optical element, (1) an aperture 1n and surrounded by the
lower surface and through which the image of the pattern 1s
projected from the projection optical system, (111) a liquid
supply port through which the liquid 1s supplied, and (1v)
liquid recovery ports located 1n the lower surface at least on
opposite sides of the aperture, and

the retaining member forms the liquid immersion area of

the liquid under the optical element of the projection
optical system by supplying the liquid through the
liquad supply port and recovering the liquid through the
liguid recovery ports.
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